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The PLATO Fraction: rri

Factions Curriculum covers 3 f

_ions and Mixed Numbers --
ILeanings

ordering and equivalence
cc aversions

addition, subtraction, and

DE. .aal Fractions --

meanings
conversions to/from fractior: .;nose detaor.

power of 10

11". -..:riculEm offers the student extensl. -e exT--. an:

;Ind =died r7umbers in working with carefully r_,..:sen

'Iter:.:2tively, not just as illustrationE, and ttnE. p7

,er:::_zically relevant visual feedback in re, _Dna.

pnticns. Lessons usually allow many di:Li:ere:: vaki

nvobl-=. This provides the opportunity for explorc,-

.1;. 2? he meaning of what he is doing, an help.

-at-=1E!! is simply the repetition of dictated alge=:-27m=

9

7n addition to instructional lessons, the are
vdsw, practice, or experience. Most of -fne in

lessons are mastery-based, with the iffic_.

:3k automatically adjusting (up or docc.... _bases

711.=.2. The "mastery level" and the
At--1 nn each lesson's screen displays. =c the:

and meaningful feedback about hiE _ ogre

.
of time required to complete a )n

t a ; 'r. student.

a

_lig fractions

models are

ult

saving
..)s. the student
notion that

othcr of lessons
tructio: .i and
t:y and c_..mplexity of

L= tie

aurren7 ievel" are
e stuc2n= has
:hrougr_ the lesson.

vary widely from

Many of the lessons foster sharing of .s ammng students. In

:ion to lessons that are designed for 7 students at the same

Lnal, "libraries" and interterminal lelsani let students share their work
lc 'class with others, even with students -_'.ror=ner 2 lasses and other

.ols. More information about "library" lns and some samples of

ent work from such lessons are presenter_ ,,ppendix 1.

Implementation in the Claroom

These materials were designed for use b:: ire. -mediate grade students

in:: classroom situation where PLATO can be llteg-ated with the classroom
mai,rt.amatics instruction, each reinforcing the other: for a complete learning

exience. (Some uses by other populations are described in Appendix II.)
It _is recommended that each student use PLATO daily.

In the elementary school classroom, PLATO terminals are placed two to
foul- terminals per room, so that the teacher who is responsible for mathe-
mattns instruction is also responsible for PLATO. This encourages use of

UOC, 6



2

PLATO ,Fs a :esource for t1 :eacher's meth program anE permits ger
integr:Ltion of PLATO work the classroom mathematf_zs program.

Terminals are placed it each other in order to
among the students. A 7 will of ten be pr cud of
and will be eager to show .:r explain it to a frie:u
student may turn to a alas :e for help with a less--,
materials ,re. o mott'atir. rat the interactim
terminals is centereC arou: their work and doE-73 not .

A student who needs help :arely willing to t at
and do the work. Usually student will acc: t 17;

order to become self-suffix_ _Ent again.

nc Durage it. --ac tion
°Lie thing he done

ther tire
_;enerally

tudents a 7
them "of

.er student -r2-er
the help he 1--_e.ee in

De-.ause tasks are gene_rated for each stuL_ . . i 1dually, th: = t-_ 71 ts
find th.it it-. is not helpfuL to copy an answer screer ,,2y

can, however, learn .ideas £id strategies from each other, an t-:is
is regarded as an advantage

Student Assignmer

The classroom teacher Lses a terminal t ss i-LATO topics fo:
students., Different studen:s may be assigne :iff, :It lessons, or
same lessons, or different .-e.rsions of the s 1 eE ons, depending c
individual needs of the stu _nts Lessons c De E 3-Janed in pre-at .ied
sets, called "modules", so at routine assi -tints are quick and st lght-
forward to carry out. The .-!acher can also 1,r <vide background infor :ion
abcut each so.:...ient'a previous experience. F_ TO up:_ates this inform. ion
continuously as the s tudent progresses throu the curriculum. In
generating exercises, the PLATO lesson takes le student's backgrout into
account. For example, a numberline lesson -iced numbers may inc:_it_e
negative numbe.::rs for one stident, but avoid -_-= for another, depenc 1ng on
the information the teacher has given about _act' student's previous
ma thema tical experience.

Using a terminal, the teacher also sets the length of student PLATO
sessions. Most teachers tend to allow about 30 minutes for each student's
daily PLATO session, except on short days when assemblies, field trips, or
other activities necessitate setting a shorter time. An automatic
management system", which is a fundamental part of the curriculum package,

takes care of translating the teacher's assignments and other decisions
into personal ized instructional sessions for the students.

The Student Session

Following is one structure which is typical of what students encounter
when they sit down at the terminal to do their day's PLATO math. Af ter the
initial sign-on procedure, the first few minutes C.: the session are spent
in quick review exercises. These exercises are usually practice with
recently learned ma terial . The management system "remembers" the student's
current performance level in each lesson, so that i:.;!e difficulty of the
review will always be appropriate for each student.
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Next th, student gets a list of several appropriate instructional

.essons to ci use from. (See Fig. 1.) These lessons are the main material

matt the stuc-,nt is working on. As the student masters skills and concepts

-iresented in .ese lessons, new lessons are automatically added to the

choice list hi.sed on the teacher's assignments, while lessons with which

:he student finished disappear from the list. Appendix III outlines the

sequences of .2ssons that have been used most often. Students can enter

and leave leE:ons at will, but must meet completion criteria in order to

obtain acces- o new lessons by finishing old ones.

rear tn, and of the session, the list of available lessons that the

stucent .--nose to wcrk on is expanded to include several general

experiel,ce i =sons. (See Fig. 2.) Some of these lessors are games that

reinforce re_LaI:Itly learned mathematical skills. Others provide further

practice in 7.-7eviously learned skills or encourage initial exploration of

new areas.

'.Then the student's time on PLATO has expired, his session is automat-

ically ended. If he is not at a convenient stopping point, he is allowed

a few minute leeway to finish up whatever he is working on. (As with

other persme ers that control the student's PLATO sessions, this leeway

is a num'Der ml.nutes specified by the teacher. )

Equivalent Fraction,

tin List

. 1. Lights: Equ.valent Fractions
2. Pick a Tub
3. Splash,

4 4. Nuch 15 Painted'

4 5. boxes: Equivalent Fractions Practice

G. Sort Equivalent Fractions
. 1, ai,ea: Name Equivalent Fracticns

Choose a lesson number.

The ".' marks lesson, you need to finish.

2 minutes left on this list. le mirutes left in your session.

Fig. 1. Choice list of instructional lessons fnr a student at

one point in an Equivalent Fractions module. The number of

choices on a student's list can vary from one to many, depending

on the design of the instructional module he is assigned to.

O
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Equivalent Fractions

General List (Lessons from your Mein List are included
in case you want to do them.1

1. Lights: Equivalent Fractions
Pi :k a Tub

3. Splash.
4. BC,!.: Now Much Is Painted"
-. Bores: Equivalent Fractions Practice
6. Sort Equivalent Fractions
7. BNes: Name Equivalent Fractions
8. Make-a-Monster with Equivalent Fractions

Paintings Library -

:O. Sh,writing and Spider Web
11. Darts

:boose a lesson number. )

The '.' marks lessons you need to finish.

6 minutes left in vour session.

Fig. 2. Expanded choice list. This list includr the

instructional lessons the student is working on p_us several
general experience lessons.

Data Feedback to Teachers

When the curriculum is used with th.:: management system as intended, an
on-line "grade book" which keeps track of student assignments, progress,
and performance is available to the teacher at all times. The teacher can
request a hard-copy printout of student assignment, progress, and performance
data at any time. This request is made from any PLATO terminal. The print
out is then automatically mailed to the teacher.

Supplementary Materials

A set of booklets and worksheets has been created to accompany the PLATO
fractions curriculum. Each instructional module descriLed in Appendix III
has a corresponding set of materials. These materials are intended to help
the teacher integrate the PLATO curriculum into the classroom mathmatics
program and help the student transfer the PLATO learning to pencil and
paper. The worksheets are oriented toward work on individual skills, while
each booklet provides a review and summing up of an entire module. When
the booklets are used near the end of the appropriate module, the students
are usually able to complete them with little difficulty and hence with the
satisfaction of being able to do a task well. Some of the exercises
include copies of PLATO displays with appropriate questions, so that the
student is able to take home pictures that show what he is doing on PLATO.
Figs. 3 and 4 show samples of the off-terminal materials.
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a Color of these apples red

Nome

b Color i of them green.

C Are g of the apples green

cl Color the other apple brown .4 ROTTEN APPLE/ Draw a worm on it

e What fraction of the apples ore brown 2

2

I

a What froCtion of these figures ore triangles 2

b What fraction of the figures ore circles 2

C Color all the triangles oncl circles blue

ct WhOt fraction of the figures ore blue

O

O

Copyright C) Sepeubee 1975 by board of Truitt... Univaraity of 1111nola

5

wearing 9

Name

;:i 02g

h Draw smiles an of the faces

Draw frowns on 2 of the fates

Chow big Ions on of the faces

Draw hair on of the faces

Draw glosses on S of the faces

rn Draw funny hots on 4 of the laces

n Draw beards on of the fates

copyright 0 Septenber 1915 by Board of Trustees, Univarsily A Illinois

«a a tubt, unlike ttasamS 5

Nc.ne

I Writs erlSh problem inside the right bop.

2. Then ciale the "easy" problem in loch loop
"Easy" means the denomnators ore alike.)

3 Write the answer to 011 the probtims m eoch loop

A

Names for +

C

Nome for +

oraysar

Names for +

A+1

10

To"'_,_

.16
3 2

4 + 4

6
T6+

wewor

add fi fuelled, lite denominators 4
Nome

I. This one is- done for you.oe
23 cut 1whole pingo

Into thirds
ei I

I

O
2. Finish this one.

0
Z Cut I whole PtIza

into fifths

Now try these:

OF

3 10

+

Copyright Beeteebee 1515 by lowed of Trio ..... University of Illinois

3 )3

IS

5. 6.

23 4

I g

Copyright 0 September 1915 by Bowed of Truett.. Unlverelty of 1111nola

1 0
Fig. 3, Four examples of worksheets that accompany the PLATO

Fractions Curriculum.
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What fraction of this boa is pointed 7

Draw lines on the box to show that
'ilsur answer is right.

6

(Choose ant cup to do
all your measuring. i

1,

k

Circle the cup you would choose

be used for all ingredients.)

How many times would you fill It to get cup
of awful sauce?

(Be sure its arse that con

How many times would you fill it for cup

of weird water?

How many times fc., the icky liquid 7

For the horror juice?

List the nest 5 froctions in each
equivolence uI.

t 4
3 I I .1 I

2 3 I TRY THIS ONE I

Where would you shoot the darts to hit the balloons 7

Write a DECIMAL number beside each balloon

.2

a

a

b

0 1

I I I If I I

a Show .6 an this number line

0
1 I I 4

b Show .65 on this number line.

0.
I I 1 ! I

c Show .06 on this number line.

0 2

d Show 1.4 on this number line

-t

is Show .8 on this number line

2 X 3 ÷

Y./ could write S 'r'y two
times and odd them up.

2 thras and 2 holvas:\..."-,
Or you could think af

NOW TRY THESE I
Think of a limy that IS SOS, for you.
Write your answers In standard form

5 x 24, ' 4x12.

3x 4 2 x 54.

3x24. 3x .4.

4 5x 2
6x 14.

Fig. 4. Sample pages from some of the booklets that accompany
the PLATO Fractions Curriculum. Each booklet provides a review

and summary of a PLATO module.

11
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History of Usage and Effectiveness

Beginning in 1973, the curriculum was developed in conjunction with
use by students in public school classrooms. This has permitted the
authors to tailor the curriculum to the needs of students and teachers in
real educational settings. Since its first largescale implementation
durIng the 1974-75 school year, the curriculum has been a part of the daily
classroom mathematics program for approximately 1100 intermediate grade
students.- It has also been used in various special education situations,
among them hearing impairment, orthopedic impairme. _ -end behavioral
disorders.

In 1974-75, and again in 1975-76, investigators from Educational
Testing Service in Princeton, New Jersey, conducted an external evaluation
study of the PLATO Elementary Mathematics materials, in accordance with a
contract from the National Science Foundation in Washington, D.C. Each
study included about a dozen PLATO and a dozen nonPLATO classes. These
classes, at the 4th, 5th, and 6th grade levels in eight different schools,
included students from a wide range of scho1astic abilities and
socioeconomic levels.

A major component of each study was measurement of performance gains
in each of the three PLATO Elementary Mathematics content "strands" --
Whole Numbers, Fractions, and Graphs -- by means of pre and post testing.

Data from these studies indicatee Fractions strand was
especially successful. Reporting to '; Educational Research
Assocation on the results of the 197 : :ducational Testing Service
investigator Spencer Swinton (1978)1 szai::_d

...used in a supplementary mode with students of appropriate
readiness leVel, the PLATO elementary mathematics material
yielded significant positive achievement and attitudinal
effects. In the case of the fractions strand, these gains
were large.

Average PLATO effects [on special, ETS constructed, tests]
were positive and highly significant for ...fractions at all
three grades...

...analyses of both attitude and achievement instruments at
the item level [supported] the conclusion that the fractions
strand lessons had been highly effective.

It should be emphasized that these were classroom, not laboratory,
studies. Teachers were in full control at all times, and they taught math
in different ways and with different emphases. One result of this
realistically decentralized approach was that the particular math topics
covered varied widely among classes and students. In particular, computer
collected data show that the average PLATO student had computer assignments

'Swinton, Spencer, "Outcomes of the PLATO Elemen'...ary Demonstration",

paper presented at the Annual Meeting of the American Educational Research
Association, 1978.

12
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in fractions only about a third of the time and completed only about half
of the available curriculum in fractions. Presumably, more nearly complete
student coverage of the strand would have produced results even more
favorable than those which Swinton found.

There is every reason to believe that most students would in fact have
welcomed assignments to work further in the PLATO Fractions Curriculum. As

Swinton indicates, results from attitude items specific to fractions were
very positive in both years, and this is in agreement with both student and
teacher reports.

In sum, the weight of the available evidence indicates that the PLATO
sequence described in this manual is a powerful resource for the teacher
facing the traditionally difficult problem of teaching fractions in the
intermediate grades.
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LESSON DESCRIPTIONS

14.



Al

MEANING OF FRACTIONS

This set of lessons provides experience constructing, identifying, and
comparing fractions, both in the discrete case and the continuous case.
It is assumed that the concept of fractions has already been introduced.

Cut and Paint A3

Fraction Notation A4

Paint and Compare A5

Paintings Library A6

Lights A7

Make-a-Monster A8

Checkups A9

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.



A3

Cut and Paint (touch)

REnot
paintI me I ine

PAINTERASE DRAW

Paint lifthn :I thin be.,

ERASE DRAW
a I ine a I ne

You painted
2 Ii (the

or this boy.

pAINT Psmc
UMMO paint

Paint 5 fifth, of thin t -..

When re 4,M,
press LAD.

ERASE
I ine

You painted
2 fifth,

or this boo.

DRAW -
a I ine

PAINT

Plight. Mari painted 5 kith, the. 17.

BEHOVE

Paint

Purpose: 1) Let the student construct fractions of a region.

2) Introduce numerators greater than 1.

Description: The student paints fractions of rectangular boxes. Fractions

are written as "3 fourths," rather than "3/4." Difficulty adjusts'

to the student's performance.

1 16



A4

Fraction Notation

Purpose: 1) Introduce 1/4 as a short way to write 1 fourth.
2) Show the student how to write 1/4 on PLATO.

Description: PLATO explains that 1/4 is a short way to write 1 fourth.
The student practices writing fractions using the new notation.



ERASE DRAW
a line a line

A5

Paint and Compare (touch)

PAINT REMOVE

Touch the senten:e you think 15 true,
then press NEXT. 'too Can take a Rues,/

paint

1,2 of the b, is m,re then I 3 ,f the to,.

1.3 of the t,. 15 m.:, than 1.2 of the boy,

1 '2 of the 15 lunt as ouch as I a .1 the

IYou painted
1/2 of

this box.

ERASE DRAW
line a line

You painted
1/3 of
this box.

PANT BEHOVE

01E10 paint

Do you want to change v,ur guess' j, yea

1/2 of the bo. is more than 1/3 of the box.

11/3 of the box is more than 1/2 of the boo. I

1/2 of the box is just as much 05 1.3 of box.

Mnr'iMMMUMMUMM=MMMMEMMMOW
EWE DRAW PAINT REMOVE
a line a line paint

Paint 1/2 of the box above.

When you're done, press L.

Let's find out

1/2 of the bo. Is n,.re than 1.3 of the box.

Ili] of tint.,. is more than 1.2 of the box:i

1 2 ci tie bo Is just as ouch 55 1 1 'I the

ERASE DRAW
a line a line

You painted
1/2 of
this box.

You painted
1/3 of
this box,

Plato agrees with Cu.

PAINT REMOVE
paint

L
11/2 of the bo is more than 1,3 of the be,. 1

1/3 of the box is more than 1,2 of Ile bos.

1.2 of the box 15 just as much as 1- 3 .:., the bo.

MOIL

Purpose: Introduce a method of comparing two fractions.

Description: The student predicts which of two fractions is bigger, then
paints two identical boxes (one for each fraction) to check the pre-
diction. The prediction can be changed after painting. Some of the
problems involve equivalent fractions.



A6

Paintings Library (touch)

VONEEMIENEREanglinflOWNSWE
ERASE DRAW
a line o line

PRINT REMOVE
paint

Right, Mariln, .Y,, painted 2:3 of the boo.

NEXT to try a different way LAB to save this in tic library
BACK to choose a new Traction DATA to loot. at the library

Paintings Library
(listed by name)

I. oust* p 1/2 1/4

t. helm 2/3 3/5

3. donkey 1/2 1/4

4. semen Iii 1/4

5. alyson 1/ 5/9

6. ales 3/5 2/7

7." davit 1/2 1/4

Whose paintings do y-iti want to pee? )

(type the number)

To see the index by fraction. preen DATA.
To look at another library, press LAB.

To do a intone. ress BACK.

This is Fr,.., alvat,i. pointed I 4 .1 the b,..

NEXT ter see alyson's other painting.

BACK to the name inde,.
LAB to paint ...fraction.

Purpose: 1) Encourage painting a fraction of a box different ways.

2) Initiate the idea of re- arranging the painted areas without

changing the fraction painted.

3) Provide opportunities to notice equivalent fractions.

4) Let students share their work with others.

Description: The student can paint a box to keep in the library or look at

paintings done by classmates. Due to space limitations, each student

can keep only two paintings. A student can replace his or her paintings

with new ones.



A7

Lights (touch)

of the light, ere ,n.
(trite the ireet 1,,r1

Purpos: Practice constructing and identifying fractions of a set of objects.

Description: The student turns on fractions of a set of light bulbs. After

some success, PLATO turns of some lights and the student identifies the

fraction represented. For this lesson the demonimator of the fraction
.s always the number of lights in the set. The student is expected to
move quickly to the next lesson ("Lights: Equivalent Fractions") where
the demon .mator is different from the number of lights. Diffficulty

adjusts to the student's performance.



A8

Make-a-Monster (touch)

I Moth Mar
2 Grumble-bump
1 Foo BIrd
4 Bono Bug
5 FFOG
F The Mad Skater

Purpose: 1) Re-emphasize that 3/4 is 3 of a fourth.
2) Provide experience with a new unit -- the cup.
3) Familiarize the student with a model that will be useful later for

equivalent fractions and common denominators.

Description: The student uses measuring cups to mix monster formulas,in
an eccentric scientist's laboratory. The available sizes of measuring
cups have numerators of 1. To measure 3/11, the student fills the
1/11 cup 3 times.



A9

Checkups

Short checkup sequences are available in the following lessons:

Cut and Paint
Lights

These sequences serve to review the previous work on the meaning of
fractions and see if the student is ready for more advanced materials.

20ti



B1

MIXED NUMBERS AND FRACTIONS GREATER THAN 1

Using a pizza model, this set of lessons introduces fractions greater than
one and relates these fractions to mixed numbers. The terms "whole
number," "fraction," and "mixed number" are presented. The student learns
to convert mixed numbers to fractions and vice versa. Some work is done
with renaming a mixed number as is done in addition and subtraction of
mixed numbers. For example, 5 and 1/2 is equivalent to 4 and 3/2. One

lesson illustrates the importance of the unit, and another introduces a
new unit -- the turn.

Pizza: Fractions B3

Pizza: Mixed Numbers Introduction B4

Vocabulary: Whole Number, Fraction,
Mixed Number B5

Sort Numbers by Form B6

Try These: Fractions and Mixed Numbers . . . B7

Try These: Equivalent Mixed Numbers

Units

Skywriting and Spider Web

Checkups

B8

B9

B10

B11

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.

1

2



B3

Pizza: Fractions (touch)

MMOMMMMIMMMMM=M
Toucn here Cu
erase a pizza

Please give me
2 fourths of a pizza, ,..:)?

Darla's
PIZZA PLACE

LAB when
you're done

PIZZA CUTTER
2 slices

touch here
to change

number of slices

Hi, I want
ees of plaza.

Thank you,
Darla'

Darla's
PIZZA PLACE

Touch hare to
erase a pizza

LAB when
you're done

110Y111.0

PIZZA CUTTER
4 slices

touch here
to change

nuMber of slices

Thank you,
Darla,

HI, I want
4,4 of a pizza.

Darla's
PIZZA PLACE

Touch here to
erase a pizza

LAB when
you're done

PI CUTTER
4 slices

touch here
to change

of eelse

SCA

I want 0 fourths of a
oizza,not 4 eighths.

Thank yoU,
Darla,

Thank you,
Oar la'

Darla's
PIZZA PLACE

1

Touch here to
erase a pizza

LAB when
you're done

PIZZA CUTTER
El slices

touch here
to charge

Q29

Purpose: 1) Re-emphasize with physical model that 3/4 is 3 of a fourth.
2) Extend this to fractions greater than 1.

Description: The student operates a pizza place, serving kids who appear
and ask for specific fractions of pizza. The problem sequence depends
on the student's performance. It is designed to do fractions less than
1 until the student is familiar with the model, then lead into
fractions equal to 1 and greater than 1.
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Pizza: Mixed Numbers Introduction (touch)

f a pizza

To start over,

(Thanks, Darla, press BACX

I got 6/5 of pizza)

,.7s. and I got
I/5 pizzas.

Darles
pun puort

LP8 when
you're done

PIZZA CUTTER
slices

1kpizzas IS just as such 17 of a pizza.

of a pma is junt as much as ) 2: ji pizza..

Press NEXT.

Purpose: Introduce the idea that a fraction and a mixed number can name
the same number, then provide practice naming a number with both a
pure fraction and a mixed number.

Description: The student shares 1 5/3 pizzas (and similar amounts) fairly
between two kids. The kids get 1 1/3 pizzas and 4/3 of a pizza,
respectively, so the conclusion is that 1 1/3 is equivalent to 4/3.
The problem sequence adjusts to the student's performance.

Later in the lesson the student fills in a fraction name and a mixed
number name to describe a picture of pizzas. There is very specific
stepthrough for errors. Difficulty adjusts to the student's

performance. Higher level problems often have no picture as long as
the student is doing well.

25
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Vocabular : Whole Number Fraction Mixed Number

These are whole number,.

6
24

Nome another wh: Is

11.413e sr rwaberb.

7 3 14 17

-1C74

These are ira-tt.ns

i 4

i 2 4

ThesearewholemAime

6
24

425 a

These are mired numbers

7 3,11,

45f Off

1+

another mired number, Marty.

These are fractions.

i 4/12

1/2

3:4 ok

Why are these called mired numbers' j

I bet its because
the.,.'re all mired up.

..,....,

If.))

Maybe it's because they're made by nox$bgO
whole numbers and fractions together!

Purpose: Introduce vocabulary used in future lessons.

Description: The student is presented with examples of whole numbers,
fractions, and mixed numbers, then asked to write one of each.

26
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Sort Numbers by Form (touch)

1.14CLE WADERS IN HERE

FRACTIONS IN HERE

NIXED WIMPS IN HERE

Touch here to I

erase the 0
around a hurter

1i 19 15 14

F:41 4N 10

done
press -LAB.

WHOLE NJMDERS IN HERE

3 15 19 14 --]

FRACTIONS IN HERE

M:XED NUNDERS IN HERE

1 ÷ 8 411

Touch here to
erase the
around a number

I number IS not in the right bo,

when ,,u're done
ress -LAB

WILE ILFIDERS IN HERE

3 15 19 14 10

FRACTIONS IN HERE

4

MIXED WI:CRS IN HERE

1 811 4i

Touch here to
erase the 0 Very good.
around a number Press -NEXT- for a new game.

Purpose: Practice distinguishing "fractions," "mixed numbers," and "whole

numbers." This is necessary for understanding the vocabulary used in

future lessons.

Description: Several numbers (whole numbers, fractions, and mixed numbers)

are scattered on the screen with three boxes to sort them into: one

each for whole numbers, fractions, and mixed numbers. The student sorts

the numbers into the appropriate boxes.

27



B7

Try These: Fractions and Mixed Numbers

TRY NESE

1 -7T°"7 = 1 ÷

Purpose: Provide practice converting fractions to mixed numbers and vice

versa. This is for students who already have a basiC understanding,
but need practice.

Description: There are four problems per page, and no pictures or models.
Problems are like 2 1/3 =)), /3. If the student is wrong twice
on a problem, PLATO gives the answer to it. Difficulty adjusts to

the student's performance.



B8

Try These: Equivalent Mixed Numbers

TRY THESE.

54 = 4 -7.*k 2+-
1 24

24 = 14- 44,-

Pres5 tE11.

Purpose Provide practice renaming mixed numbers as done in addition
and subtraction of mixed numbers. This is for students who have a
basic understanding, but need practice.

Description: There are four problems per page, and no pictures or models.
Problems are like 4 1/2 = 3 > /2. If the student is wrong twice
on a problem, PLATO gives the answer to it. Difficulty adjusts to
the student's performance.



B9

Units

( Will you 466
1 l'3 of my apples?

That depends on how A
many you have

f I could eat 1/3 of I or Z

And 1,3 of 3 apples
would to nice.

Out 1 3 of 5 cr 6
222iitt t, t,, much.

fGuess what this is 14 of.'

, It's not 1,4 of a frog.

RI v J I krwi
k it., 1 4 ,4 4 fr,,,i I

Purpose: Point out the importance of the unit. For example, 1/2 of one
unit can be the same as 3/4 of another unit.

Description: There are ten independent pages in this lesson. On each

page some kids on the screen discuss a situation involving units. The

student fills in appropriate parts of the discussion.
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Skywriting and Spider Web

3 f, I / + t, a f, t, Is f, 7,5 t, 4 f,

Press 1 to go forward
t to turn .

Start a pattern, then Press LAB.

p. -. 2: Leal School
There are 6 programs in this library.
P mewls Plato repeats the Program.

2. sharon 'ha'

..,6t111.1,3tellf.-5,2t4r-1,4t2r.2r-1,4t
Irl,,t2r1,4t3for.ir

3. donkey "mese'
gg Ifilt5f1/2t-1/4t7f1/4t6f1/4t6f1/4t5f1/4t

5f1/4t4f1/4t4f1/4t3f

4. samon 'thecoverup'

rx !1/4:12(2/3t2311,5t1,4t1/4t1f1/2t1f1,4
t /2t32W4t7f1/4t1/2t32(1,5t2/3t475(

5. alyson -- 'pollution'
ltP 7f1/5t3f7/51t2f5/5tif1/2t

6. sharon -- 'ha'
1.1/6t9f1,3tel 1.s-1,2t3 f 1/ 4t2fs2 f -1 /4t1

fl /4t2 f 1/4t3 fa] f el f

7. slave -- 'star'
5f2/5t5f-1/5t

Press -NEXT- to continue in library.
-BOCK- to leave this library. or

Write the number of program to see it run
dave 'star'
Plato will repeat the pattern until ress STOP

Purpose: 1) Provide experience with a new unit -- a turn.
2) Provide experience with very basic programming ideas.

3) Let students share their work with other students through
the program library.

Description: The student writes a program to move an airplane (or spider) around
the screen, leaving a trail of smoke (or web). A program consists of a

sequence of "forwards" and "turns." Each student can save one program

in the library and replace it at any time with a new one.



B11

Checkups

HI, I want

0,4 of a pizza.

pizza

Than), ou.

Darla' )(/N

(Then),. emu,

1DerIa'

(11)1

.11011.ININsag

PLITH
4 all:e

tou,h bare

t,

(unbar of slices

1 DD
4/45,;'7 LK, ...hen

Darla 'a ,y re done
PIZZA PLF.:E

7.2 [Y

Th, 15 a ChECtliP. Po sour beat'

TPT THESE'

Short checkup sequences are available in the following lessons:

Pizza: Fractions
Pizza: Mixed Numbers Introduction
Try These: Equivalent Mixed Numbers

These sequences serve to review the previous work on mixed numbers and

fractions greater than 1 and see if the student is ready for more advanced

material.
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FRACTIONS AND MIXED NUMBERS ON THE NUMBER LINE

This set of lessons introduces the number line and provides experience with
placement of fractions and mixed numbers on the number line. Experience
with fractional distances and related ideas is also provided in
various game formats.

Number Line Introduction C3

Mixed Number Notation C4

Darts C5

Pick a Tub C6

Splash' C7

Torpedo C8

Checkup: Darts C9

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.



C3

Number Line Introduction

What number so here/

3 > 5

Fill in the numbers on the number line.

I ) 2 3 la

Purpose: Familiarize the student with whole numbers on the number line.

Description: The student fills in whole numbers on a number line. Difficulty

adjusts to the student's performance.



C4

Mixed Number Notation

',Shot goes here?

I/2 1 ) 2 2 se2 3

Purpose: Show the student how to write mixed numbers on PLATO.

Description: PLATO shows how to write 2 1/2. The student writes 1/2, 1 1/2,
and 2 1/2 to mark points on a number line that already has the whole
numbers labelled.



C5

Darts

Shoot the dart
.t

Mar

ti

7,e1

2/3

1/:I/If

1,2

si 1,5

Purpose: Experience locating fractions and mixed numbers on the number line.

Description: The student writes numbers or expressions to shoot darts at

balloons tied to a number line. Difficulty adjusts to the student's

performance. Higher levels have fewer integers on the line and/or

smaller balloons to shoot at.
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C6

Pick a Tub (touch)

Andy's turn'

Utp.A,

H for Helen
a for Andy

/1 le

Preen WYJ fore new ball..

For help, prose HELP.

elinigin=1181,

Purpose: Provide experience estimating positions of pure fractions on a

number line.

Description: This is a game for one or two players. A ball is on a number

line with tubs underneath, and ten fractions are given. Each turn con-

sists of touching a fraction and a tub. The ball bounces the fraction

distaLce and falls into a tub. If the student chose the right tub, the

ball is marked with his or her initial. Difficulty adjusts to performance.

3
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C7

Splash!

,.--...........-I.A,...-.....A,II.A...-I/\,-...../'

1

%.-.......1\.-..-....."',.--..

Beth will jump halves.

How many halves. Tom,

6

Purpose: Provide general experience relating and converting fractions to

integers and mixed numbers.

Description: This is a game for one or two players. A kid on a pogo stick
tries to hop to the end of a dock without falling into the water. The

student tells the kid how far to go. Difficulty adjusts to the student's

performance.

3



C8

Capt. Dookey's move

1/2

2

tit
Your move, Set Tvrtit

Wur piece Is

.r.Ab

'V7(

Tiire a merle: t, eii to
..,ur Not t : r. then prr.at
tC..(T tc n.. Lr1 5hC,t
LW, just tp wee.

tE. > gat,
'eoor piece 15 Itt.417,

ire > mini-, t, ail t,
.:or r, then press
NEVI t, Cc a *hi ahc,t
LN3 Jost t,

Purpose: Practice estimating fraCtional distances on a number line.

Description: This is an interterminal number line game. Two students compete.

One controls a boat, the other a submarine. The object is to move to a

point above (or below) the opponent's piece and shoot it. The number

line varies from game to game.
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Let's check your skill. Can you
hat a balloon ulth every dart,

C9

Checkup: Darts

Let's check your skill. Can yr...0

hat a balloon with every dart,

Shoot the dart
at ) 1 1/4

3

2 2.3

2

I 2,3

I I':

ri 1'3

[hat. Im,.

3 I 2

Pretty
good.

Barry.
That's all

0 r A
Press NE,T.

Purpose: Review fractions on the number line and see if the student

is ready for further number line work.

Description: The student plays two games of "Darts." Each game has

three balloons to pop, all of which can be hit with denominators less

than 7. PLATO displays die student's score of "hits" and "misses."
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RELATING FRACTIONS TO DIVISION

This lesson relates fractions to division by showing that x pizzas divided

by y kids gives x/y pizzas per kid. The lesson uses a "box" and a "hex"

as variables to generalize the rule = x/y.

Pizza: 2 Pizzas for 3 Kids D3

Note: Lessons that require the use of a touch panel are identified by the

word "touch" after the title on the lesson description page.



D3

2 Pizzas for 3 Kids (touch)

!!!4

(With none left over.'

1!1!

Hi, Doris.

You have 2 Pizzo..

ighare them fairly
amsrls the 3 of us.

To start over,
press BACK

Darla's
PIZZA PLACE

LAB when
you're done

4MNIBIold.
14/1MINM44,

PIZZA CUTTER
3 slices

touch here
to change

number of slices

Just right.
Darla.

0Start over,
press BACK

Yes, we each got
) 2/3 of pizza.

Thanks, Darla.

8

Darla's
PIZZA PLACE

LAB when
you're done

PIZZA CUTTER
3 slices

touch here
to charge

number of slices

2 pizzas for 5 kids. Each kid ie. 2.5 of a pizza.

7 pizzas - 4 kids 7.4 04 s pizza for each kid.

17 pizzas 9 kids 17'9 of a pizza for each kid.

7 pizzas - 5 kris 7,5 of a pizza for each kid.

.pizzas + 0 kids of a pizza
for each kid.

Purpose: Introduce the idea that xiy is equivalent to the fraction x/y.

Description: The student has two pizzas which must be divided equally
among 3 kids. This shows that 2 pizzas divided by 3 kids is 2/3
pizzas per kid. After several similar problems, the student fills
in "short stories" of the format: "2 pizzas for 3 kids. Each one gets

of a pizza." The student then uses and 0 to generalize

the rule 0 0 EV
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EQUIVALENT FRACTIONS INSTRUCTION WITH A MODEL

This set of lessons develops a method for constructing fractions equivalent
to a given fraction. The basic model is a rectangular box, some fraction
of which has been painted. The student learns to find equivalent fractions
by dividing the box info smaller equal pieces. For example, if the box is
cut into fourths, and one fourth is painted, then the student can divide
each fourth to show that 2/8 of the box is painted. This method is used to
show that multiplying the numerator and denominator of a fraction by the
same number creates another name for the fraction. This multiplication
method is used to list equivalence sets for fractions. The term
"equivalence set" for a fraction is used to mean the ordered list produced
by multiplying numerator and denominator by the set of integers, beginning
with 1.

Boxes: Equivalent Fractions E3

Boxes: Equivalent Fractions Practice E4

Boxes: Name Equivalent Fractions E5

Equivalent Fractions Generalized E6

Checkups E7

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.



E3

Boxes: Equivalent Fractions

Think of cutting the box
into 8 equal pieces.

How many of the pieces
would be pointed?

1/4 of the box is painted. 1/4 of the box is painted.

2/8 of the box is painted.

Think of cutting the box
into 8 equal pieces.

How many of the pieces
would be painted, 2

So 2/8 of the box
is painted.

0

' y

3/4 of the box Is painted.

6/0 of the box Is painted.

3.4 of the box is painted.

6/8 of the box is painted.

9/12 of the boX is painted.

Purpose: Introduce a method for constructing fractions equivalent to a

given fraction.

Description: PLATO paints a fraction of a box. The student is stepped

through the process of cutting the box into more pieces to find another

name for the fraction. Difficulty adjusts to the student's performance.

The first problem gives a very specific step-through; later ones move

faster and give less step-through.



E4

Boxes: Equivalent Fractions Practice (touch)

Draw some lines on the box to show that
2,5 of the box In painted.

When you're done. press LAB.

1,111M1111111111111M1

DRAM ERASE
lino line

-6

1/3 of the box is painted.

WRITE SUE OTHER Knmcs FOR 1/3.

(If you want, you can draw more line. on the Fox.)

After each name, prose NEXT.

4/12 3.9

6/15
5/15

2/6

Purpose: Practice naming equivalent fractions with a familiar model

available for help.

Description: PLATO paints a fraction of a box, and the student writes other

names for that fraction. (The student can draw and erase lines on the

box.) Some problems ask the student to draw lines on the box to show

that two fractions are equivalent. Difficulty adjusts to the student's

performance.



E5

Boxes: Name Equivalent Fractions (touch)

=E=-=-
--=

MIIIMMOMM
MOMMIIMO
MOMMIIMM
OMMEMINE

Purpose: Practice naming equivalent fractions with visual feedback comparing
. all of the named fractions.

Description: PLATO paints a fraction of .a box. The student names fractions
equivalent to the given one. Each named fraction is painted on a new
box so that all of the fractions can be compared. The student removes
any fractions that he or she decides are not equivalent to the given
one. Difficulty adjusts to the student's performance.
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Equivalent Fractions Generalized

Let's list the names in order.

Names for

of the beg is be...tel.

i

i:

15

LLS43

IB

IS

h. is a name for

PLATO ;us. cut each piece into 4 pleces.

f'177%New there ere 4 times as many pieces.

And 4 times s2 mar, painted ole12.

Nw there are t 4 painted pieces.

2 4

3 4
- of the beg is patnte0.

1157

Now there are 2 4 pieces. 1
I see! really is t

Purpose: 1. Present a systematic method for finding fractions equivalent to

a given fraction.
2. Practice naming an equivalence set in order, starting with

simplest terms. This skill will be useful later for systematically

finding a common denominator for addition and subtraction of

fractions.

Description: The first part of the lesson demonstrates that other names for

a fraction can be found by multiplying the numerator and the denominator

both by the same number. Kids on the screen question the method. PLATO

justifies it for various cases by making more lines on a painted box

and giving a short explanation. In the second part of the lesson, the

student uses this method to list equivalence sets for given fractions.

Difficulty adjusts to the student's performance. Lower difficulty levels

offer much help. Higher levels encourage the student to work without

PLATO's help.



E7

Checkups

DRAW

line

-t

ERASE
line 1,3 of the boo is painted.

L.PITE SIRE FIRES F.:F. I 3.

flf Nsnt. . :an 1ineo on the
:if tar .1,1, narr,. Freda T.

Short checkup sequences are available in the following lessons:

Boxes: Equivalent Fractions Practice
Equivalent Fractions Generalized

These sequences serre to review the previous work on equivalent fractions
and see if the student is ready for more advanced material.

'
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REDUCING FRACTIONS TO SIMPLEST TERMS

This set of lessons defines "simplest terms" and develops a systematic
method for reducing fractions to simplest terms. The simplest terms name

for a fraction is defined to be the name that has the smallest numerator
and denominator. It is assumed that the student is familiar with
equivalence sets for fractions as presented in the "Equivalent Fractions
Instruction with a Model" lessons. The student learns to find the simplest
terms name by dividing out common factors of the numerator and denominator.
There is some discussion about why this method works. The sty;

encouraged to experiment with factors and divisibility relat
equivalent fractions.

Simplest Terms

Equivalence Experience

Checkup: Simplest Terms

F3

F4

F5

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.



F3

Simplest Terms

These fractions are all names for the same number.

Is the simplest Berms name.

These fractions are all names for the same number.

is the simplest terms name.

These fractions are all names for the same number.

Whet is the simplest term, name? ) oh

Right. 4 is the
(simplest terms name for ff.

Ar---41 for 4. too!

The! simplest terms name t,

the name ui the the ,e ,l lest L 07)
, and denonlo. tan.

r

-.tatty heal

We'll you fit.i the

si,viee, terms rani 5 i2

tie eqpivalen, Bet.

First we'll fill these b.:.,es

with a number that makes
each ,A)t even,

o - 4

s tots 3. it ....Ht.,.

Hen are some equivalence sets.

( 11, if, ft, )

+, +, Aga, 16r. 127,

71r, I's, fir, -if. . }

What is the simplest terms name for i1 3 ok

What Is the simplest terms name for if 4 ok

Whet is the sdmplest terms name for z ? f ok

What is the simplest terms name for if >

Find the simplest terms name for .

Fill both bases with s number
that makes each division come out even.

Purpose: Give the student a somewhat rough definition of the "simplest

terms" name for a fraction, then present and practice a systematic
method for finding the simplest terms name for any fraction.

Description: Given an ordered equivalence set for a fraction, PLATO points

out the simplest terms name. After a few such examples, PLATO presents an
equivalence set and asks the student to identify the simplest terms name.

Kids on the screen point out that the simplest terms name is the name with

the smallest numerator and denominator. Practice examples follow.

Kids on the screen then suggest that the equivalence set is not necessary

for finding the simplest terms name for a fraction. For given fractions

the kids help the student divide out common factors of the numerator and

denominator to find the simplest terms name. Difficulty adjusts to the

student's performance. PLATO's help is gradually reduced until the student

is finding the simplest terms name independently.
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Equivalence Experience (touch)

Purpose: 1) Encourage the student to think about why we can find the

simplest terms name for a fraction by dividing out the
common factors of the numerator and denominator.

2) Give the student a chance to experiment with factors and

divisibility related to equivalent fractions, using PLATO

to do the computations.

Description: Some kids on the screen briefly explain that they can get

another name for a fraction by dividing out common factors of the

numerator and denominator.. Then the student uses both multiplication

and division to construct more names for given fractions. PLATO

does the computation, so that the student is concerned only with

exploring multiples, factors, divisibility, and any other patterns

that he or she may find interesting.



F5

Checkup: Simplest Terms

There is a short checkup sequence available in lesson "Simplest Terms"

which provides review of the topic and an indication of whether the student

has mastered the material.



GI

EQUIVALENT FRACTIONS AND MIXED NUMBERS

PRACTIOR WITIIMIT A HullMh

This set of lessons provides practice constructing and identifying
fractions and mixed numbers that are equivalent to a given fraction or
mixed number. The student is asked to sort fractions and mixed numbers so
that all names for the same number are grouped together. Other exercises

ask the student to complete statements like 1/2 = _/6.

Sort Equivalent Fractions

Sort Equivalent Mixed Numbers

Try These: Equivalent Fractions

Checkups

G3

G4

G5

G6

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.



G3

Sort Equivalent Fractions (touch)

Touch here to
erase the .

fractrms are not in the right lone.

men 1:re.

.re,s -tAM.

AWL

Purpose: Provide practice identifying equivalent fractions. This is for

students who already have a basic understanding of equivalent fractions.

Description: Several fractions are scattered on the screen along .nth 2, 3,

or 4 loops. The student sorts the fractions into the loops so that each

loop contains an equivalence set. Difficulty adjusts to the student's

performance.



G4

Sort Equivalent Mixed Numbers (touch)

Touch here to
eras* the 0 .

0+

(r----Nlarnem for 1+

1+ 1*

Very good.

Press -NEXT- for a new VIM!

Purpose: Provide practice identifying equivalent whole numbers, fractions,

and mixed numbers. This is for students who already have a basic under-
standing of equivalent fractions and mixed numbers.

Description: Several numbers (whole numbers, fractions, and mixed
numbers) are scattered on the screen along with 2, 3, or 4 loops. The

student sorts the numbers into the loops so that each loop contains an

equivalence set. Difficulty adjusts to the student's performance.



G5

Try These: Equivalent Fractions

Purpose: Provide practice with equivalent fractions. This is for

students who have a basic understanding of equivalent fractions, but
need practice.

Description: There are four problems per page, and no pictures or
models. Problems are like 1/2 = /6. If the student is wrong
twice on a problem, PLATO gives the answer to it. Difficulty
adjusts to the student's performance.



G6

Checkups

TRY THESE.

.
155

I

Names f, -3 s'\

I i

) z)

Touch here tt,
erase the

Put the roJn4..er ,ntije the r:ght

IS

Press L.
.11NEEMENSEENDENNEEM

Short checkup sequences are available in the following lessons:

Try These: Equivalent Fractions
Short Equivalent Fractions

These sequences serve to review the previous work on equivalent fractions
and see if the student is ready for material that uses equivalent
fractions.
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EXPLORATORY LESSONS FOR EQUIVALENT FRACTIONS

AND COMMON DENOMINATORS

These lessons take an exploratory, intuitive approach to equivalent
fractions and common denominators. The first lesson illustrates that two
fractions can name the same part of'a set of objects. The others provide
experience using equivalent fractions and common denominators to solve
problems like how to measure out half a cup of something when there is no
1/2 cup measure available, or how to serve 3 people who want different
fractions of a pizza when the pizza must be cut into some number of equal
pieces.

Lights: Equivalent Fractions 113

Pizza: Cutter Stuck 114

Pizza: Common Denominator 115

Make-a-Monster with Equivalent Fractions H6

Make-a-Monster with One Cup 117

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.
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Lights: Equivalent Fractions (touch)

Tern the dine:.5.
IIhen .. :0 !re .7,1t cre5t,

Purpose: Introduce equivalent fractions, using a set of objects.

Description: The lesson consists of problems like this: The student
turns on 1/4 of 12 light bulbs (by turning on 1 row out of 4 rows),
then notes that 3/12 of the lights are on, and concludes that
1/4 of the lights is the same as 3/12 of the lights. Difficulty
adjusts to the student's performance.
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Pizza: Cutter Stuck (touch)

Please give me
I half of plaza.

jcut4AIT. The pax. ]

- 1 ter as STUCK on 4

stem
1101111..11-

41.1011111111

PIZZA CUTTER
4 slices

ouch harm to
erase P1...

Can you stall gave her
1/2 of pizza"

Darla's
PIZZA PLAC

Changer
rut of Order

LAB when
done

Purpose: Provide an informal introduction to equivalent fractions.

Description: The student operates pizza place, serving kids who ask for
specific fractions of pizza. The automatic pizza cutter is stuck on the
"wrong" number of slices, so, for example, the student has to use eighths
to make a half.
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Pizza: Common Denominator (touch)

eenerarrare/

(I want
1/6 of t pizza.

ra s art o
press eACK

want
1/2 of pizza.

I want
1/6 of a pizza.

Cut 1 pizza to serve 611 of then.

(for help, press 1-0-P1

PIZZA CUTTEP
6 slices

touch here
to change

.unbar of slices

LAB when
..ou're done

Purpose: Provide experience finding and using a common denominator with

a familiar model.

Description: The student has one pizza with which to serve two or three

kids on the screen who want different fractions of pizza. The pizza

must be cut once into equal pieces to serve everyone. Difficulty of

problems adjusts to the student's performance.
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Make-a-Monster: Equivalent Fractions (touch)

Purpose: Provide experience using equivalent fractions with a familiar modal.

Description: This is like the earlier Make-a-Monster, but the student has
to use equivalent fractions. When the formula includes 3/4 cup of
something, the 1/4 cup is not available, but the 1/8 cup or 1/12 cup
is. The lesson records which cups a student has used for each
fraction, and when possible, chooses available cups from those not yet
used. If a student is doing particularly well, he or she may get
"hard" formulas (e.g., a situation where he or she must measure 3/9
with a 1/6 cup).
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Make a Monster with One Cu a (touch)

Purpose: Provide experience finding and using a common denominator with a

familiar physical model.

Description: This is like the earlier Make-a-Monster, but the student must
choose one measuring cup to do all the ingredients in the formula. For

most students, this will be a straight forward common denominator

exercise. But, for students who do particularly well in this program,
there will be a few "hard" formulas. (A "hard" formula might include
6/9 cup, 2/4 cup, and 5/5 cup; the appropriate cup choice would be
1/6 or 1/12.)
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Make a Monster with One Cup (touch)

Bongo Cu.
Formula

;cup creepy cream

cup terror tonic

Loup horror Juice

Choose one cup
to do all

your measuring.

LAI LLI LA]

Purpose: Provide experience finding and using a common denominator with a
familiar physical model.

Description: This is like the earlier MakeaMonster, but the student must
choose one measuring cup to do all the ingredients in the formula. For

most students, this will be a straight forward common denominator
exercise. But, for students who do particularly well in this program,
there will be a few "hard" formulas. (A "hard" formula might include
6/9 cup, 2/4 cup, and 5/5 cup; the appropriate cup choice would be
1/6 or 1/12.)



H7

Make a Monster with One Cup (touch)

Purpose: Provide experience finding and using a common denominator with a

familiar physical model.

Description: This is like the earlier Make-a-Monster, but the student must
choose one measuring cup to do all the ingredients in the formula. For
most students, this will be a straight forward common denominator

exercise. But, for students who do particularly well in this program,
there will be a few "hard" formulas. (A "hard" formula might include
6/9 cup, 2/4 cup, and 5/5 cup; the appropriate cup choice would be
1/6 or 1/12.)
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Make a Monster with One Cup (touch)

Como au'
Formula

creepy cream

cup terror tonic

icup horror juice

Choose one cup
to do all
your ineasur na

LI Li

Purpose: Provide experience finding and using a common denominator with a
familiar physical model.

Description: This is like the earlier Make-a-Monster, but the student must
choose one measuring cup to do all the ingredients in the formula. For

most students, this will be a straight forward common denominator
exercise. But, for students who do particularly well in this program,
there will be a few "hard" formulas. (A "hard" formula might include
6/9 cup, 2/4 cup, and 5/5 cup; the appropriate cup choice would be
1/6 or 1/12.)
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ADDITION AND SUBTRACTION WITH LIKE DENOMINATORS

This set of lessons covers addition and subtraction of misted numbers with

like denominators. The instructional lessons use the pizza model to
introduce the concepts of adding, subtracting, renaming an answer in
standard form (i.e. with fraction part less than 1 and in simplest terms),
and "borrowing" in subtraction. The pizza model is available for help
through much of the practice. Some practice is done with number line.

New Answer Format 13

Addition and Subtraction of Mixed Numbers
with Like Denominators 14

Simplifying Answers to Addition Problems 15

Standard Form Practice 16

Addition Practice, Simplifying Answers 17

Subtraction with Borrowing 18

Addition and Subtraction. Practice with
Simplifying and Borrowing 19

Target Practice I10

Fractions Basketball Ill

Addition and Subtraction Drill 112

Checkups 113

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.
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New Answer Format

Write 2+ again. )

(It will look di f ferent.)

Write G7. s, 2 )r2 ok

Write LI again. )

Will look di f ferent .1

ite 44.

Sornet Ines roa., answer wi II lark l Ike thin.

Write 'T~ net,

th .40-5 :tort 1.8not the tefmr:

Fret, PC,T.

Purpose: Introduce the new way that a student's answer will look when he or

she writes a fraction or mixed number on PLATO.

Description: The student writes several mixed numbers. Some of them appear as

3 1/2 (the "old" format); others appear as 31
(the "new" format).

2

The new format will be used in the addition and subtraction lessons where

the old format might look confusing. The new format involves no change

in the keys pressed by the student, only in the way PLATO shows it. The

old format is easier for PLATO to. handle and allows many more options for

the student, so it will continue to be used whenever the new format is

not needed.

6S
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Addition and Subtraction of Mixed Numbers with Like Denominators (touch)

HELP

11

)

A.11E1101:1..

2i pizzas

If you took away 11 pizzas,
how much would you have left?

2}A

2# pizzas

4; pizz

How many whole Pizza.? 6 ok

How many sevenths of a pizza? ),

2}
A #

.1%.".irS4INES4anigire="1/011,
LAB when To start over,

done. press BACK.

411.

Hello, berry.
by I have

0 0
You are starting with 21 pizzas.

Purpose: Begin addition and subtraction of fractions and mixed numbers with

like denominators.

Description: The student answers addition and subtraction problems. Pizza

pictures and extra help are available. Difficulty adjusts to the student's

performance. The student who is doing well gets some problems without

pictures.
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Simplifying AnEi wers to Addition Problems

I have an ideal
Let's all name our
answers the same way.

. .

(Good Idea' Let's write
ell our fractions
in simplest terms.

What's the smelts, .11,05

6
name for f. Barr", :

They're all

the same' fit,
3

Is everyone naming
the same amount
of ono. Berry?

), Yes

1

I have an ideal
Let's all name our
answers the same way.

Good idea' TO
all our fractions
in simplest terms.

What's the simplest terms
6

name for E. Barry?

And let's write
all our numbers
with the higgeut possible
whole comber part.

Yes. Instead of

11. we'll write 21. 07)

What would sou write

Write 1 !.i in

starward form.

instead of 21, Barry?

:3i Right. Berry.

'standard form".

Purpose: Show a need for simplifying the answer to an addition problem.

Description: The student answers an addition problem. Several kids on the
screen suggest different correct answers to the same problem. In order

to avoid this confusion, they decide to always name their answers with
the biggest possible whole number and with the fraction in simplest terms.
They call this way "standard form." The student practices writing some

numbers in standard form.

!0
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Standard Form Practice

write the

Stsn.1,111,mnw-tugeT-1
biggest wIK le

ar,1 fra,ti:h in simplest terms.]

starOard form name for these numbere:

7,7

3t nz

That's a name
but vont the
biggest p:ssible
wh:le minter.

ANNSIONIMINEINIK.

Purpose: Practice writing fractions and mixed numbers in standard form.

Description: The student writes the.standard form names for given fractions

and mixed numbers. There are-. four problems per page. After the student's

third wrong try on a problem; PLATO'gives the answer. Difficulty adjusts

to the student's performance.
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Addition Practice, Simplifying Answers

HELP
available

Right number. Barry.
Name it in
standard form.

0 ''''+" 1 5,7 r.,...,.

re . ..4.. -- i. II 11.52,

\::.

l4,111,1rr 1,11...a, 10 all"

SP

HELP
available

1;

+ 8

3V
St 111 th-, norrh.er. Barry. L,..t ,I I

in ,t,nisr.1 Potn.,t

H:... min" II.Z.55 in 611'

41INIMINIENIZE

1 1,117.5,

HELP
available

11,111, r
in !INC 1,11.

H

HELP
available

H:.. nmm p17.1,115 In all,

1 ;. I: 1m!e!

Purpose: Provide experience adding fractions and mixed numbers with like
denominators, simplifying answers when necessary.

Description: The student answers addition problems, simplifying answers
when necessary. Pizza pictures and extra help are available. Difficulty
adjusts to the student's performance.



18

Subtraction with Borrowing (touch)

mmemegmmmmmmommimmr
LAB when To start over.

you're done. press 6ACr.

Sc you are starting

ith 4 pizzas.

Please give me

of pizza.

touch here

number of .h
to change.

01

You stertelwiTh 4 piss's.

I lust ate ) oi a 1.1.06.
H44 man; pizzas de ,,, have

You started with 4 pizzas.

I lust ate j :I a pizza.
Now many pizzas yid you have left,

31. ck

Finish this number sentence
about tra pizzas.

4- =

PETE 'S

PIZZA PLACE

.
PIZZA CLTrfnP

3 slices

1 2
Purpose: Introduce a method for solving subtraction problems like 3 -s- --s

Description: The student does "borrowing" problems while operating a pizza
1

place. For example, the student starts with 3.3 pizzas, then gives away

2
of a pizza by cutting one of the whole pizzas. The student writes a

3
1 2 2

subtraction number sentence: 3 ---=
3 3 3

2 Difficulty adjusts to the

student's performance. Harder problems have less specific step-through and

ask the student to write the subtraction number sentence before cutting
the pizza.
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Addition and Subtraction Practice with Simplifying and Borrowing

Purpose: Provide experience adding and subtracting fractions and mixed
numbers, simplifying answers and "borrowing" when necessary.

Description: The student is stepped through subtractton problems involving
"borrowing." Difficulty adjusts to the student's performance. Higher

levels of difficulty give lesS help and include addition problems as
well as subtraction problems. Most, but not all, of the subtraction

problems involve "borrowing."

I 74
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Target Practice

Fl., t. h! I. syvtt

-4

Purpose: Addition practice which may encourage checking the answer by
estimation.

Description: The student fires a remote control rocket at a target. Both
the rocket and the target are on a number line at knownpositions. An
easy estimate will hit the target for a "SCORE," but Only the exact
answer gets a "BULLSEYE." Difficulty adjusts to the student's performance.



Barry. I.arla

II LI 11 re:
16: :142 :

'
time left

Fractions Basketball

Berry Shr.r5t;]
t this basket Barr...'s turn,

VI, 7 h*Ot 5

t this basl.eti
Wr 1 te a hunter

Barry Karla
:ea

as
is: :e:

r! "::
:a: ha La

time left

Barr., sP,,An
t this tasket Bart', turn.

Ii?l to f hunk. er .

1 3 9

aria th,:tai
st thia Latlet

Purpose: Subtraction practice on the numb,er line.

Description: This is a game.for one or two students. Given ball and basket

positions on the number'line,.the'Student bounces the ball some fraction
or mixed number (e.g., 2 7/8 makes'the'ball do two bounces of length 1
then'seven bounces of length1 /8) to make a basket. Difficulty adjusts

to the student's performance.
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Addition and Subtraction Drill

24.3 ') ° 217.3 ° 5hok Tie. ltiok

Old you add tratead
of subtract?

4-- +-)

Purpose: Practice adding and subtracting fractions and mixed numbers with

like denominators. This is for students who have a basic understanding

but need practice.

Description: There are four problems per page and no pictures or models.
There is help for students who have trouble "borrowing" or putting the
answer in standard form. There are sper::Lal messages for common errors

like adding instead of subtracting. Difficulty adjusts to the

student's performance.



113

Checkups

I Standarj farm row,. USeS
biggest whole ranter F.,sstble
and fracli.n in amplest terms.

Write the standard I.rm name for hese numbers:

That'..! f nyno
but wfrt the
bier's! grastble
mh,11 nurkor.

:;.

Do the problem on paper or in yOur head.

2#

-11

Put your answer h:re.

Short checkup sequences are available the following lessons:

Standard Form Practice
Addition and Subtraction Practice with Simplifying and Borrowing

These sequences serve to review the previous work on addition of mixed
numbers and see if the student is ready for more advanced material.
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ADDITION AND SUBTRACTION WITH UNLIKE DENOMINATORS --

A HEURISTICS APPROACH

This set of lessons uses a heuristics approach to teach addition and
subtraction of mixed numbers with unlike denominators. It is assumed that

the student can already add and subtract mixed numbers with like
denominators. The method used in these lessons is to first find.out what
makes the problem hard (it has unlike denominators), then find an easy
problem (one that has like denominators) that has the same answer.
Problems with unlike denominators are renamed with like denominators.

Sort Equivalent Problems

Addition by Using an Easier Problem:
Part 1

Addition by Using an Easier Problem:
Part 2

Addition by Using an Easier Problem:
Part 3

Addition by Using an Easier Problem:
Pert 3 Practice

Addition, by being an Easier Problem:
Part 4

J3

J4

J5

J6

J7

J8

Addition by Using an Easier Problem:
Part 4 Practice J9

Addition by Using an Easier Problem:
Review

Addition and Subtraction Drill

J10

J11

Note: Lessons that require the use of a touch panel are identified by the

word "touch" after the title on the lesson description page.



J3

Sort Equivalent Problems (touch)

Put the pr,blems ansaJe the right loom

WES FOR

12 -2+

Touch here t,
erase the 0. fer (0,1'

Pref., tor a

NFtES FOR

-
6 *

Purpose: Introduce the idea that renaming the numbers in an addition or
subtraction problem makes another name for the same problem. This

idea will he useful when.we begin finding a common denominator for

additic and subtraction.

Description: Several expressions involving addition and subtraction are
scattered on the screen with two or three loops to sort them into. The

student arts the expressions into the loops so that each loop contains

an equivalence set. Difficulty adjusts to the student's performance.
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Addition by Using an 2asier Problem: Part 1

+

lf 21-11 = Itok

1 ok 1 II the *Id problems
are like this one.
its al! third.'

i We have a new
I kind :4 problem.

a
+

1 } ok

21-11 = look

%,
(Whew, Thanks. HelerT-1

11 1 6 Ise name fon 11.

4,f, is name to, 4t
. .

5i ok

f But what about
I the hard problem/

24 1 =

aok

("11 We reed name, for
no that have

the same der,mtnator,

11 l'j is 5 mare 1, 11.

+

Tr- at. Helen.

k Let', name them
I both 'oath mi,ths.

2) -14 = 1 fok

It has the same answer
as the easy one.

11 11135 ,505.2 15r li

+41 + f:at 46.

51a

Because they're ree!ly I {IXJ
the same problem - lust i \If,/

_W13.121LUILithMtL. I

r I .... So now we have
the ansper to the hard
problem' Write it for

Helen

Purpose: 1) Introduce addition of fractions and mixed numbers with unlike

denominators.
2) Introduce an approach to problem-solving.

Description: The student answers 2 problems with like denominators, then

PLATO presents one with unlike denominators. Kids on the screen dis-

cvles what makes the new "hard" problem different from the similar

"easy" ones. They decide that by renaming the fractions in the "hard"

problem, they can find an "easy" problem that has the same answer as

the "hard" one. The student fills in the numbers as the kids on the

screen, step through the process. This is a brief introduction and

overview. Subesequent lessons develop these ideas more fully.
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Addition by Using an Easier Problem: Part 2

2 fifths
+ 1 fifth

f i fth ok

That's sn es.. problem, )

It's sll filth,. 9

(9
Whet about this one?

2 Ittos + 4 tenths
3 tenths 3 tenths

It's easy,

f:

)

It esay,but does It
have the same eraser
41$ the hard one,

(771:n't know.
DOeb it Heleei yes )

fCan we find an
easy Problem that
has the same answer"

How about this one, 1

It's easy.

3 tenths
+ 2 ft tths

It', eas,but d:e, Itl
have the sane ans.., j

as the hard one,

3 tenths
2 tt,-,tim

NENINECIIMUCCIPMEMEMINI&

2 fifths and 4 tenths

name the same number,

3 tenths
+2 fifths

The hard problem
has the same answer
es the easy one'

_,

3 tenths
+ 4 tenths

? tenths ok

1.[Ji1:ie the answer

for us Helen.

Purpose: Give the student a more detailed look at the problem-solving

approach to addition of fractions with unlike denominators.

Description: The student answers the problem 2 fifths + 1 fifth. PLATO

presents a new problem, 3 tenths + 2 fifths. Kids 'on the screen

discuss what makes the first problem "easy" and the second one "hard."

They look for an "easy" problem that has the same answer as the "hard"

one. They find the "easy" problem they need, but in the process they

suggest 1 or 2 "easy" problems that won't doe Thus they emphasize that
the appropriate "easy" problem must be another name for the "hard" one.

The student answers questions and fills in numbers to help the kids on

the screen.
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Addition by US1%-.7 nn ,sier Problem: Part 3

,-1 Right, It s 15 :ants.

1 dime I nickel

hl,smuclItogether, 1 :ente

14e, Is thft'

iirEMMEMERMEiRECEkt.

Rights It s 15 cent

Because
nsckel is 5 cents.

and I dime 15 10 -nnt.

1 diSst I MICI,Mi

1

Flom ouch money altogether,

sckel I dine
is the same as
5 cents le cent,.

Ifiassumensmat

t cents

I seep
5 rents IC cents I -.1)
Is another name for
ns,./el I dime.

J
-'311311111g1111=0111101111111116

Try, thin one. Helen.

1 quarter 25 reent
2 dunes -- 20 gent, A

cents

1

Be careful' ( 4,49

It's tuttnactson,

Purpose: 1) Show addition of coins as a familiar process which is similar
to addition of fractions with unlike denominators.

2) Reinforce the problem-solving approaa to addition of fractions
with unlike denominators.

Description: PLATO shows 1 nickel and 1 dime. The student tells how much
money that is all together. Kids on the screen comment that "5 cents +
10 cents" is another name for "1 nickel + 1 dime." The student then
does two or three coin addition problems by renaming each one in cents
to make an "easy" problem that has the same answer as the "hard" one.
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Addition by Using an Easier Problem: Part 3 Practice

Can you do thed0

7 7
ok. g ok

2 dImes --0 20centa

3 rucke15-4 15centz

1 cent,

5 5

6 ok 6 ok

Purpose: Experience using the problem-solving approach to addition and
subtraction of fractions with unlike denominators.

Description:. The student solves addition and subraction problems involving
coins and fractions with unlike denominators. Difficulty adjusts to
the student's performance. The lowest difficulty level is mostly coins
problems. Higher levels have fewer coins problems, more fractions
problems, and fractions written in fraction notition.("2/3" instead of
"2 thirds"). The highest level has no coins problems and encourages the
student to find a common denominator before PLATO suggests one. For
fractions problems'on all levels, one of the denominators in the problem
can be used as the common denominator (i.e., one denominator always
divides the other evenly).
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Addition by Using an Easier Probl: A: Part 4

.4 That's different. 1

N.ot really. We just have r
to find an easy problem
that has the same answer.

4

+

IBut tee ean me name \ -!
with the same denominator? I

AMINIE210111EMINNEEP

.1 1 see. The easy problem is lust
another name ler the hard ore.

re.:-4-di 16)
name the same number.

011
Feel 4 end x moms.

the same rourtter.

4

Fight. So them both
have the same answer

Purpose: 1) Review the problem-solving strategy for addition and subtraction

of fraCtions with unlike denominators.

2) Apply this approach to problems in which neither of the given

denominators can be used for the common denominators (i.e.,

neither denominator divides the other evenly).

Description: The student starts with a page from "Addition by Using an Easier

Problem: Part 3 Practice." If the student performs poorly on this page,

he or she stays in the practice lesson. If the students does reasonably

well, PLATO presents the problem, 1/2 + 1/3. Kids on the screen quickly

review the problem-solving strategy and suggest renaming the problem in

sixths. The student works the problem, then the kids on the screen

review the idea that the "easy" problem is just another name for the

"hard" one.
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Addition by Using an EasiEr Problem: Part 4 Practice

Purpose: Practice adding and subtracting fractions with unlike denominators.

PLATO suggests a common denominator.

Description: The student solves addition and subtaction problems with
unlike denominators. All problems use fractina notation ("2/3" instead

of "2 thirds"). Difficulty adjusts to the student's performance.
Higher levels have more problems in which neither of the denominators
can be geed as the common denominator (i.e., neither denominator divides

the other evenly). The highest level encourages the student to find
a common denominator before PLATO suggests one.
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Addition by Using an Easier Problem: Review

.krirst find out what makes it hardj

1+

+13

Its hard tecause the
denominators are not alike. If &,)

1First find out whet makes it hard. )

Then find an easy.ordbIem
1 that has the same answer.

1f 1f

1 Here's On !OW/ protlam
that has tin same awwwer.

krite the answer. Helen.

Purpose: Summarize and review the strategy for adding and subtracting
fractions with unlike denominators.

Description: There are 6 problems involving addition and subtraction of,-
fractions and mixed numbers with unlike denominators. For each
problem, the kids on the screen review the problem-solving strategy
and find an "easy" problem that has the same answer as the "hard"
one. The student answers the problems. In a given session the student
will see 1 or 2 of the problems.
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Addition and Subtraction Drill

Iti

-13 -it ÷

3yok
i.°/'"

6 6

Right rijmbei-. Tom.

Now write It with the
traction an sampleat term,

Purpose: Practice adding and subtracting fractions and mixed numbers with
unlike denominators. This is for students whc, have a basic understanding

but need practice.

Description: There are 4 problems per page and no pictures or models. There

is help for students who have trouble re-naming with a common denominator,
"borrowing," or putting answers into standard form. fhere are special

messages for common errors like adding instead of subtracting. Difficulty

adjusts to the student's performance.

8°
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ADDITION WITH UNLIKE DENOMINATORS -- A VISUAL APPROACH

This set of lessons uses visual models to present addition iyf fractions
with unlike denominators. The primary model is a rectangu:_ar box which is
painted with two different kinds of paint. The task is to tell what
fraction of the box is painted with each kind of paint, then what fraction
of the box is painted in all. To tell what fraction is painted in all, the
student is expected to draw lines dividing the box into equal pieces that
are either painted or unpainted. This is a visual method of finding a
common denominator. A number line is also used to give a visual
interpretation of addition with a common denominator as well as general
practice.

Boxes: How Much is Painted? K3

Paint Addition: PLATO Paints K4

Paint Additicn: You Paint K5

Paint Addition: Your Choice K6

High Wire K7

Target Practice K8

Fractions Basketball K9

Checkup: Paint Addition KIO

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.



K3

Boxes: How Much Is Painted? (touch)

1111111111116

EARS( CRAW

a isms a lint

Write fractIon to fell
how much of the to. .s pamted.

(You can draw and erase lines
tf you wont.)

AMMME=MUMEMEMEMWVIU

Write a (rect.., to tell
how much of the tc ts ra.nfed.

(You can draw and crane lines
if you want.;

Purpose: Develop a strategy for figuring out what fraction of a bo is

painted. This skill will be useful for addition of fractions using

painted areas of a box.

Description: PLATO paints part of a box. The student can draw and erase

lines to figure out what fraction of the box is painted. Difficulty

adjusts to the student's performance.



1C4

Paint Addition: PLATO Pai-r (touch)

IFISMNISIM
:_e7ASE C1RPL/

a 11ne a line

What Irect,n th, .. . painted

141-at tracts, :1 t1',." t-:. la Fainted 1 i :V

111,1: fractl,;11 tha t.: has paint ,r2 1.

S, 12 1 13 f

Purpose: Begin addition of fractions with unlike denominators, using a
familiar model.

Description: PLATO uses 2 different kinds of paint to paint 2 fractions of

the same box. The student tells what fraction of the box is painted
with each kind of paint, then what fraction of the box is painted in

all. The student can draw and erase lines on the box. This lesson

relies on the student's experience cutting a box into sufficiently
small equal pieces to tell how much is painted. Difficulty adjusts

to the student's performance.



K5

Paint Addition: You Paint (touch)

ERASE CPPL1 PAINT
I Ina a 11 ne

PAINT PEIIOVE

r-ttInt

Paint I'3 ht t, NSF . ani 2 5 .1 th< t.: w th ma.

Ytou have paantei I I 25 :::: end 1 ! the t mg.
,sn.

IIME1111111

ERASE [Pk/
a I Ina Ilne

PAINT
I

PfIDIT

Pa int 1 171 -LtIp

Ge,od. Psrtirq !..;5 .1.,t 1 i`

Purpose: Provide further experience with addition of fractions with unlike
denominators, using a familiar model.

Description: The student is asked to paint a fraction of a box with one
kind of paint, then paint another fraction of the box with a different

kind of paint. The student then tells what fraction of the box has

paint on it. Difficulty adjusts to the student's performance.
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K6

Faint Addition: Your Choice (touch)

CPR4
a I ine

PAINT PRINT PErIOVE

paint k

r±,t I L is 1,ioNt1 I 4

wrest ,:t I, I tI I I! I

I

Purpose: Encourage the student to make up his or her own fraction addition

problems and try painting problems in different ways.

Description: The student has a choice of three activities:

1) Write an addition number sentence for paintings done by PLATO (as

in "Paint Addition: PLATO Paints")

2) Paint problems that PLATO chooses (as in "Paint Addition: You

Paint")

3) Paint a box, then write an addition number sentence to describe the

painting.
The student may save his or her painting in a library fc others to see.



K7

High Wire

Write a fraction t, tint the mhrkr,. Thm.

t,9

8

9

3

. h. b.

I(
',, e v h. v .

.7.fft
,

1 ,.

PreS,NEKT.

Purpose: Show addition of fractions on the numbe: line with visual feedback
about common denominators.

Description: A monkey swings along under a high wire (number line) making
an addition problem (e.g., 2/3 + 1/2 is 2 swings of length 1/3 and 1
swing of length 1/2). The student writes a fracC.on to hop a feather

along above the number line. If the student is right, the feather
lands where it can tickle the monkey, and the monkey falls off the

line laughing. This is a number line illustration of common denominator;
Che monkey's swings and feather's hops match up to show equivalences.
Difficulty adjusts to the student's per-ormance.
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K8

Target Practice

F;, he h,,ket t: the te,seh.

:I:

eku_K E'

F. 1

Purpose: Addition practice which may encourage checking the answer by
estimation.

Description: The student fires a remota control rocket at a target. Both
the rocket and the target are on a nwher line at known positions. An
easy estimate will hit the target fot a "SCORE," but only the exact
answer gets a "BULLSEYE." Difficulty adjusts to the student's performance.
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K9

Fractions Basketball

Pu7-?ose: Subtraction practice on the number line.

Description: This is a game for one or two students. Given bail and basket

positions on the number line, the student b :Incas the bill some fraction
or mixed number (e.g., 2 7/8 makes the ball do two bounces of length 1
then seven bounces of length 1/8) to make a basket. Difficulty adjusts

to the student's performance.
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K10

Checkup: Paint Addition

There is a short checkup sequence available in lesson "Paint Addition: PLATO
Paints." This sequence serves to review a visual approach to adding
fractions and see if the student is ready for more advanced material.
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ADDITI-N AND SUBTRACTION WITH UNLIK: DENO-:=:ATORS

This sec of less
denominators in
that the student
"Addition by USi:

an equivalence sL
denominator by 1_

It is il:.ustrate

more fra:Aions
decide en enol=

A SET LISTING APPROiL.Z

s develops a systematic met'
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3 familiar with the helArist7_

an Easier Problem" lies
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.ting equivalence sets for eL
that more common denominate-
the equivalence sett. Ther
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and able to 1.
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L.3

Addition With Equivalenc _ Sers (tcuch)

lIEWEEMMinsiox

) I 5ee. Yo, re-0
t; tt!,

ES,t I ,e. t I ,..1 1,4

I
O...

Purpc3e: Suggest a systematic method for findfng .. ym .on 1:.-:aominator.

Desemiption: Given the problem 1/4 + 1/10, the ki!j.b 7= .tom ::Lreen try to

find an appropriate common denominator. Afte tryl.7 g a few denominr;-ors

.:±at don't work, they decide to list the equiva7e=e se5-7.1 for 1/4 and

/10. The student lists the sets, finds 2 name', rit.-ft a .2ommcn denomi-

-ator, and answers the problem.

9`a



L4

and _.:btraction Practice With Equivalence Sets (touch)

DERIENEEISSEESSISMESIM

Try thls

P,,ht en.
O." t tt, 011.1,1 I

Purpose: Provide experience adding and subtracting fractions and mixed
numbers, using a systematic method to find a common denominator.

Description: The student solves addition and subtraction problems by listing
5 elements in the equivalence set for each fraction, then picking out
2 names with the same denominator. Difficulty adjusts to the student's
performance. This lesson involves no strategies for deciding how many
names should be listed for each fraction. A student who does well can
finish the lesson in as few as 3 problems and be ready for the lesson,
"Strategies for Listing Equivalence Sets."



L5

Strategies for Listing Equivalence Sets (touch)

Pr osl Gr fit t> n t t
r, 1 t, .n rt i,

Purpose: 1) Provide practice adding and subtracting
numbers, using equivalence sets to find

2) Point out that more common denominators
more names.

3) Develop strategies for deciding how many
a common denominator.

4) Enable the student to solve addition and subtraction problems
without relying on guidance from PLATO.

fractions and mixed
a common denominator.
can be found by listing

names to list to find

Description: There are 2 introductory problems followed
the student finishes the first problem, kids on the
that there are 2 common denominators visible in the
see that either one can be used to find the correct
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screen point out
set listings. They
answer to the problem.
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L7

Check._ 7: Addition and Subtracticn 7-ith Unlik_ lienominators

Mere is a short checkup sequen=a available in lesson "';trategies for
Listing EquivaLence Sets." The student is asked to solve addition and
smbtraction problems with unlike denominators. The student has the option
of listing equLvalent sets.
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M1

INEQUALITIES

This set of lessons develops a systematic method for comparing the size of
two fractions. Two fractions are compared by listing an equivalence set
for each, then comparing names that have the same denominator. It is
assumed that the student is already able to list an equivalence set for any
fracticn.

Inequalities with Like Denominators M3

Inequalities with Unlike Denominators M4

Checkup: Inequalities M5

Note: Lessons that require the use of a touch panel are identified by the
word "touch' after the title on the lesson description page.



N3

Inequalities With Lik-_

Purpose: Provide readiness for comparing fractions with unlike denominators.

Description: The student tells which of 2 tractions with like denominators
is bigger. If the student is not correct on the first try, PLATO
displays the appropriate fractions of pizza for comparison.



M4

Inequalities With Unlike Denominators (touch)

Which fraction is tigger'
If they are the same. write "same.'

If list the equivalence set,. press HELP.

(S. a. $.y

Write 55 ff4M name, is, ...NJ -0,M.

Press CNTA t, the :ther set.
Lit when Are di.r, listing ner.e,.

Purpose: Develop a systematic method for comparing the size of 2 fractions

with unlike denominators.

Description: Given 2 fractions. with unlike denominators, the student tells
which is bigger or that they're equivalent. Before responding, the
student can choose to press HELP for a chance to list some names for
either or both of the fractions. If the student's respOnse is incorrect,
he or she must list both equivalence sets and touch 2 names that have,
a common denominator. before trying the question again.



M5

Checkup: Inequalities

Whi.th frsl-ti:n is tipper '
If them are the same. write

tf litt the sets. Frees HELP.

There is a short checkup sequence available in lesson "Inequalities with

Unlike Denominators" to see if the student has mastered the topic.
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N1

MULTIPLICATION OF MIXED NUMBERS

This set of lessons covers multiplication of mixed numbers and fractions.
The basic model used is an array of squares (like area). For example,

2 x 3 1/2 is illustrated by 2 rows of 3 1/2 squares each. It is assumed

that the student is familiar with the array model of multiplication for
whole numbers. After this model is extended to illustrate multiplication of
fractions, a "short cut" [a/b x c/d ,:agc)/(bxd)] is discussed. Various

methods, including the array, repeatez: adf.ition, and the short cut, are

discussed. The student is encouraged tc examine each problem and choose an
appropriate method for the given type of problen.

Introduction to Multiplication of

Mixed Numbers N1

Multiplication Practice with Pictures
for Help N4

Multiplication of Fractions N5

Strategies for 1.171ing Mixed

Numbers . . , N6

Mixed Number ,T! ion Practice . N7

Checkup: Multiplic . of Mixed

Numbers N8

Note: Lessons that require the use of a touch panel are identified by the

word "touch" after the title on the lesson description page.
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N3

Introduction to Mul tiplication of Mixed Numbers

Write a multiplication number sentence about the boxes.

6 - 5
Great, itarih,

3f

Write a multiplication ritorber sentence about the boxes.

51 1 9',-

Great,

Purpose: Introduce multiplication of mixed numbers, using a familiar

multiplication model.

Description: The student writes multiplication number sentences to describe

arrays of boxes. After the student shows proficiency with problems
involving only whole numbers, an extra half box is added to each row.
The student is asked to tell how many boxes there are by thinking of
putting the half boxes together to make whole boxes. Later problems

ask the student to write multiplication number sentences for arrays
involving halves and thirds of boxes. Difficulty adjusts to the

. student's performance.
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N4

Multiplication Practice with Pictures for Hel

2i-, 6 =>

6

6= 14.1

6

Press ',EXT.

Purpose: Practice multiplication of mixed numbers, with a familiar model

available as the student needs it.

Description: PLATO presents mixed number multiplication problems one at a

time. The fractions involved are limited to 1/2 and 1/3 so that the
problems can be easily visualized as arrays of boxes. The student can

press the HELP key any time to get a picture representing the problem.

Difficulty adjusts to the student's performance.



N5

Multiplication of Fractions

Try this one

7 7

L,-: Loor,-d 1, .0.1 ti 1 ,t1 o I 1...ro1'or 5

Mei, 1.. iutt
x

,r

Th,, rO.
mth I of t.:, in ea:h rx,

fre,tion :1 a e. that nml,,. Piiht

AINIMINEIMINEEP

tok at the problems'
has done.

You

parts t. get tlx
u can multiply the

tE. part of the answer.
to

t see!. And you can multtply
the bottom parts to get the
bottom part of the answer.

, 1 1 a

1-

It works fir this one.
re,a for en: then.

Let., make sure the short-j
cut works for all of them

PROBLEMS IOU l* WE ENC.&

1. = I 7 = 6 10 7'
c74 - S 7 - 7 - =

AZINONNININEMXII

4(
2

!

Think of ; of a row

with ;. of a boo In each row.

What fraction of boo does that make)

A whole boo wott1,1
be this big.

Ti'.,.

j
d here are some 11,1.5 I

on the buff to help

PRON-EMS T FWK DONE

f he Ii trot 1't. 04 I

To ice the , from 1E1.P.

Purpose: 1) Begin multiplication of fractions, using a familiar multiplication

model.

2) Introduce an algorithm for multiplication of fractions.

Description: The student does six multiplication problems using arrays of

boxes as in previous lessons. All of the problems involve pure fractions
rather than mixed numbers, so the student must think of a fraction of a

row with a fraction of a box in each row. The finished problems are

saved at the bottom of the screen. After the six problems are done, some

kids on the screen notice a pattern in the problems and suggest a short-

cut for finding the answers. With the student's help they verify that the

short-cut works for each problem. PLATO then raises the question of why

the short-cut works and offers the student the option of seeing an

explanation. Practice problems follow. Difficulty adjusts to the student's

performance.
11.1



N6

Strategies for Multiplying Mixed Numbers

Here 15 A prslem.

4-2-

0'1111 HQ, I. a I.Ly
\17:,' find the answer.

Think of 2 ;' rows

with 6 howes in

each row.

14,14 Srm bo,ts all togethe / 1 5 oi

. Think of different ways to find tie answer.
Chose a wer that IN tea, Ise

4111111illigilt

3 =

, :old +oni ,f2 T threes.

HELP kr ari,ther hint.

1

Here Is a problem.

2} R 6

(Here to way to
find the *newer.

Think of rows

with b booms in

each row.

How bowes all tsgether7 1 5 ok

So 2 6= 1 5 Risht.

That's a good way. But )
this way io easier for

(I just think of? 7

2 sloes are 1 2 ok

of a ail ID 3 ok

S. 21 .".5 are 1 5 sk

Think of different ways to find the answer.
Choose a way tlot is eass, for yCkl.

2 ;. k 3 7 Right.

3i " 2 = 7 Right.

4 = 1 a R,,ht.

HELP fsr a ICI .r.

Purpose: 1) Demonstrate that there are many yays to multiply mixed numbers.

2) Encourage the student to examine each problem and choose a method
appropriate for the particular problem.

Description: PLATO presents a multiplication problem, and kids on the screen
discuss different ways it could be solved. The methods suggested involve
concepts such as multiplying by repeated addition or making an array of

boxes. The student then works problems-similar to the one discussed.
When that type of problem is mastered, a new type is discussed and prac-

ticed. Each practice set reinforces previous types of problems as well
as working on the type being emphasized. On any problem the student can

press'the HELP key for a "hint." The hint suggests a method appropriate

for that problem. Two hints are available for each problem.



N7

Mixed Number Multiplication Practice

5. = 1 iok U-2r,

Ifok

You could think of fraction

names for 1 and 2

then 1.15e the eihort.cut.

Purpose: Practice multiplying mixed numbers.

"1311113111111111111111111116

Description: The student does mixed number multiplication problems. On any
problem the student can press the HELP key for a "hint." The hint
suggests one method appropriate for the particular problem. Later in
the lesson the student is asked to do similar problems with no hints
available.
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N8

Checkup: Multiplication of Mixed Numbers

Chia is a ...44.CMP ,Alf

5 °3;-= 16a

*GI

-

5 ° =1 .+ok .1q= 34a

7 3 = 1 ok 5 ,1

= j-ok 4 = eok

1 7 4 = 51-a 2 =41.0,,

2 x37 = 7a

° 4 =

6 = 2=k

Tr.

This is a CHECKUP. Co ycur beat!

5 A34 = 16a

5 ^ =

3 =

=

1

1c),

1;

5 =

= eol

17 4 = 1-A 4;.

2 = 7 .1, ° 4

4 = 34

=

12MMNIMMIAMEMENNIIIMEli

Purpose: 1) Review multiplication of mixed numbers.

2) See if the student is ready for material which depends on
multiplication of mixed numbers.

Description: The check-up consists of fifteen multiplication problems, each

of a different basic type. The student is allowed two tries on each

problem.



01

MEANING OF DECIMAL FRACTIONS

This set of lessons uses the number line to introduce decimal fractions.
Although the initial introduction relates decimal fractions to common
fractions, decimal numbers are treated primarily as a self-contained

system. The lessons emphasize placement and order of decimal numbers on

the number line. Estimating distances with decimal numbers is also done.

Decimal Darts, Part 1 03

Decimal Darts, Part 2 04

Decimal Torpedo 05

Obstacle Course 06

Checkup: Decimal Darts 07

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.
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03

Dc imal Darts, Part 1

Sho5t 5 Tart
et

.77 15 a mime for 77,1110

.54 is a r155.5 1r 55 lee

,> 5 115111,2 f.ir 180

15510,5 t ease
darts. Helen.

at ..r/'
145 t

2

1.65 is rian3e for 1 6e lee

1.47

1 1

.77 la a risme for 77/1511

.54 is 5 name for 54 1118

.4

.3.:5 is a roune for:5 IBS

lP

Purpose: Introduce decimal nalaes for tenths and hundredths and provide

experience using these decimal names to locate points on the number

line.

Description: After a short introduction to decimal names, the student
writes numbers Y: shoot darts at balloons tied to a number line.

Common fraction names and division are not accepted, so the student

must use decimal names. The student can press HELP to have PLATO

shoot a dart. Difficulty adjusts to the student's performance.
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04

Decimal Darts, Part 2

Shoot a dart
at

-HELP- for mnTo
to shoot a dart,

Purpose: Introduce decimal names for thousandths and provide further
experience using decimal names to locate points on the number line.

Description: This lesson is like "Decimal Darts, Part 1" except that the
endpoints of the number line are usually tenths rather than integers.
It is necessary to use thousandths to hit some of the balloons.
Difficulty adjusts to the student's performance. After showing
proficiency in using decimal names, the student is permitted to use
both decimal and common fraction names.'



05

Decimal Torpedo

IYOur Piece as 7 A.. write how fsr you wart
to wove, then Areas
NEXT to wove and shoot,
or Lit just to wove

"WEN Mfilir
Your piece is I Write has far went

to move, then press
NEXT to move and shoot,
or LAB lust to move

.5.117 ok

42)
icy sank it..

Flesh Flood's more

.tan

r , new i,we

Purpose: Practice using decimal numbers to estimate fractional distances

on a number line.

Description: This is an iterterminal number line game. Two students

compete. One controls a boat, the other a submarine. The object is

to move to a point above (or below) the apponent's piece and shoot it.

Common fraction names and division are not accepted, so the student

must use decimal names and expressions to move fractional distances.

The number line varies from game to game.



06

Obstacle Course

n
Pt, Tr.,: Pt, Traps

45 it 711 43 GOWN r)
6 55 9 Bag Corr, tr.

1

t 45 'FT' ',,

Purpose: Provide experience with addition, subtraction, and estimation
with decimals.

Description: This is an interterminal game. The student uses decimal
numbers to move a ball along a number line, trying to maneuver
through the chutes and avoid the various "traps." The student can
choose the level of difficulty. Up to four students can play on
the same "course" at the same time.



07

Checkup: Decimal Darts

This is a CHIC.UP. Vo ..,yr tear. rl Try to hit a ballocn
with every dart.

SCOPE
hits

12r1

Purpose: Review placement of decimal numbers on the number line and
see if the student has mastered the topic.

Description: The student writes decimal numbers to shoot darts at balloons
tied to a number line. PLATO displays the student's score of "hits"
and "misses."
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P1

CONVERSIONS BETWEEN COMMON FRACTIONS AND DECIMAL FRACTIONS

This set of lessons relates decimal fractions to common fractions.
Although there is no instruction presented, there is help available as the
student encounters new types of problems. The fractions presented have
denominators of 10, 100, or 1000. These lessons stress converting common
fractions and mixed numbers to decimal numbers, and vice versa. There is
also some work with identifying sets of names for the same number, for
example, 1 2/10, 1.2, 1.20, 1 20/100, and 1 1/5.

DeciMal Names for Fractions Li

Fraction Names for Decimal Numbers P4

Sort Number Names with Decimals P5

Decimal Pinball P6

Checkup: Decimal and Fraction Conversions . . P7

Note: Lessons that require the use of a touch panel are identified by the
word "touch" after the title on the lesson description page.
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P3

Decimal:Names for Fractions

Write a decimal name for the given number.

If need help. prtsa HELP.

,6 .2 ok

rea .0 ok

.3 ok

.25 2.9 ok

14 .7 ok

25 12.4 "

1 85

-HELP- available

Write a decimal name for the given nuMber.
II you need help. press HELP.

6 .2 ok .7 ok

.6 ok .96 ok

10 .3 ok Ni .97 ok

25 2.9 ok

6 .7 ck

1 2/1.12.4 ok

65 10.51 ok

III .1 04

I Oh 10.6 ok

5 .4 ok

.46 ok

Og .1 ok

rlig ok

5 .9 oh

rig .63 ok

Press tAXT to. do m2ve Of these
SHIFT-NEXT to do scAgethire t13^.

Purpose: Practice writing decimal names for tenths, hundredths, and

thousandths.

Description: The student is asked to write decimal names for the
common fractions and mixed numbers given by PLATO. Difficulty

adjusts to the student's performance.



P4

Fraction Names for Decimal Numbers

Write a fra,tion or mied number name for the given number.

If help, ,".

.
ee ,

15.1 1 5 1It oH.

0.2 4 ok

e. e Ter,

" 1j ok

12.4 1 2 4 ok

" ii oh

2.1 2.41.

0.2 4. oh

2.5 217 ok

0.6 4 ok

6.3 ok

e.62

Write fraction or allied rumbler now for the given number.

If you need help.

89 ok

49 111 ok

0.5 8 11 oh

O .03 lb ok

1.97 1 ok

4.3

1.41 14 ok

Press HELP.

888 &oh

12.73 1 ok

1E2 1 OA a

12.66 1 2 lC6 ok

10.11 1 8 ok

20.63 2 Otif ok

0.118 9 47 ok

7.05
7 4-fi ok

8.91 - Tii ok

Press NEXT to do more of these
SHIFT-NEXT to do something else.

Purpose: Practice writing common fraction and mixed number names for
numbers expressed as decimals.

Description: The student is asked to write fraction or mixed number
names for tenths, hundredths, and thousandths written by PLATO as
decimals. Difficulty adjusts to the student's performance. On the
highest difficulty level some of the problems give a fraction name
and ask the student to write a decimal name.



P5

Sort Number Names with Decimals (touch)

Names (:r .47

ituch here t,

trace the 0

Names for 4.'

0.47 44

4q

47

Ix

Pot the monk', tle r,Ght

6,11,a1 a Jzn,,

Pr,' -LAE,

///e---

Name. f,t .47

2.47 -if:..

to

Loth Fere t
trste the 0

it ay. 74, a I T

14,1, ,t4

P, -LAe,

Purpose: Practice identifying equivalent whole numbers, fractions,

mixed numbers, and decimal numbers.

Description: Several numbers (whole numbers, fractions, mixed numbers,

and decimal numbers) are scattered on the screen along with two, three,

or four loops. The student sorts the numbers into the loops so that

each loop contains an equivalence set. Difficulty adjusts to the

student's performance.
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P6

Decimal Pinball

Purpose: Practice converting common fractions and mixed numbers to decimal
numbers.

Description: The student writes decimal names for fractions and mixed
numbers as a ball bounces from problem to problem as in a pinball
machine. There is a time limit on each problem. The fractions used
have denominators of 10, 100, or 1000. Points are earned for correct
answers, and the student's score is displayed at the top of the sreen
The current top twenty scores are saved and displayed with the
students' names in a Decimal Pinball Hall of Fame.



P7

Checkup: Decimal and Fraction Conversions

This is a CHECXUP. Oo your DC!

If PLATO gives a fraction or mixed nuMber.
you give a decimal name for the same number.

If PLATO gives a decimal name, you give a
fraction or mixed number rime for the sue number.

74 7.0 ok Nit, .61 ok

19.6" 1 9 fki

1 4i9ii..1.

rih .853 Gk

e.51

Purpose: Review converoion between common fractions and decimal fractions
and see if student has mastered the topic.

Description: The student converts decimal numbers to common fractions and

mixed numbers, and vise versa. Probletas include tenths, hundredths,

and thousandths.
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Appendix I
Students' Sharing of Creative Work

The student's work involves answering questions and working problems,
but it also includes creative activities and sharing of ideas with other

students. One way that this is accomplished is by means of "library" lessons.
These are described at some length here because they are a prominent example
of a way in which PLATO can provide important learning experiences that
otherwise are difficult or impossible to provide.

In a library lesson a student jces some mathematically relevant creative

work and is then given the option of saving his work in a "library" so that

other students can see it. He may replace his work with something new at

any time. Each class has a separate library. Students are able to see the

work stored in other classes' libraries, as well as their own. This

provides an ongoing exchange of ideas among students in many different

classrooms, even in different schools and communities.

In the "Paintings Library" the student is asked to "paint" a particular

fraction of a box. By touching the screen, he can draw lines on the box

and paint areas of the box. When he has finished painting the correct

fraction of the box, the student can choose to save his painting in the

library. The following pages show a few such student paintings.

Social interaction is quite apparent when fads spread through the

libraries. For example, one student might paint a fraction of the box to

show his initials. Within a few days, there will be many paintings showing

other students' names and initials.

This 15 'Jennifer .-- r.aired This i5 how Beth m pointed the b0',<.
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This 15 how Linda a painted 1/4 of the boc.
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This is how ern, h painted 3,'5 of the hex.
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Our experience has been that a large number of students participating
in a library greatly increases the richness of students' work. This lesson
w-s first tried with only four students, and although they were described
as bright, creative students from an open classroom environment, their
paintings were quite unimaginative. Each student did some paintings and
looked at the paintings done by the other three, but new ideas were few and
enthusiasm was only mild. However, during a three-week period when 300
students used the lesson, it exploded with new ideas as students looked at
each other's work and responded with their own.

This lesson and others like it provide strong motivation for students
to engage in tasks which require them to relate mathematical concepts to
concrete models. Students are observed to engage in many lines of mathe-
matical thought when creating a painting. For example, if the student has
chosen 3/5 as the fraction to represent, and in doing a creative pattern has
mistakenly painted 1/20 too much, PLATO will respond, "You have painted
13/20 of the box". The student must then decide whether that is too much
or too little and how much paint to add or remove. Some students will
count same-size pieces and possibly use equivalent fractions. Others will
visualize moving painted parts around to make an equivalent simpler
painting. Still others may partition the box and deal with the parts
separately, deciding whether 3/5 of each part is painted.

Later in the curriculum is the "Paint Addition Library". Here the

student can use two kinds of paint to illustrate an addition problem.
Students can ask PLATO for a problem to illustrate or make one of their
own. In either case, when the student has correctly painted both of the
addends, he must tell how much of the box is painted altogether. This

may be done by several methods, including drawing lines on the box until it
is divided into some number of equal pieces, each of which is either all

painted or all -unpainted. (This is a visual method of finding a common
denominator for the two fractions.) Following are some students'
representations of various additions.

This 15 derek k's painting: 8,72 + 16/72 24/72
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This is Judith's painting: 8/20 + 12/20 1

!:
t
1,

,
at

In

ti,
Iii
, ,p
2 iiii,
i.; c ,

R ..c,

I 04
'

MOP

T.:.

e-..%

,,
t

th.4
nlAn

h

. ., 44
c . r, ,r,

1 ,y,_?

.q

,,

''
, ti

.1.

I iiiit 1

I

V

6
0 I

IP,

p,
...,q,

12.

b

14

1

1

::: ' ;

i

0 11I

.

FAq'
7 El

,r_

pi

g
ci c,
4? .

10
Li u

.. 446
.1:11.!:

4,...5:,Ii:4

[1

p6,11

I

I 'r

....

;,

a u 011

-,"
,,,,-., ,,190

J
0 11

2 o

mil
gEgi

''''
t
'

i '''''

t '
l,ittt(

VW

. ct

OA

,,..,dni,2
1

PEfft,111°111°
04 c1.011

Ftgi
, , ,

't
pjp

,.. I 5 R1
r,./.
1T4

J 1.aqua

.

I

11

fili,
U

.0

°. L

1111



001000O 0
tigoffi

o
V9 Vcob

001DM
GDSt§
1.L1 V

0000

0

flt°

o ualorm.ra a curl oaanau DOULO 00Olar.) anoo ac tc ,,,L) oauo at;
goon natac ' -99 go de

ova non I 1ungunsor no
or 0 ou.)11 0 0 0 0 0 no
boom IL c.00 a 1 I gc ab a
00 0

L6.."2 'NX 1'.

, ,.. 0001

EaLluW.,0 ap at..-1
antIr ,0,,V000 OJ,0,04- , 10 J I.1 06 q g

klucon r
o O c 0;4+7 c dd 6 1

a4,5,00)P4 co Jon L 0 orlon
a oS of Pia n LI 0 Q0 ,0 0 0

1 U 0 0 rf1 15Q0I 0 017100
O g 010 II 0 00 01 0

cod unoc tk
a c"H Xll

o 3 anoc1lajuunc.) 00Co pag,p_l000 u

aualamonan J
9[Ldu 4=12 °..

11°AgggQ" ., in 0 c i clb g a a

691kcj 0°
o 05 .1 c_ o lig) u a a a 1.1

- II 0 O10 n 5
nun 9 0,9 1 0 ' LI .0 0 13 0 EWA b

rn9gc9fsg4b0 L a roonno6uou offaig_ 40090,000g
ou noo 1

on u ocird I oo,c 6160110 ono
O a o o as a n dr . bgau au

ono or oua El_LO LI no11,1 cu 0 on 6) 80 o
9 00 11 ou yuc o tic q a" 1100 -011 ova0 0 0 0 0000 00

0 ril a a o 0
DO 9000 0000E1600h DU i 000 0 CI a

pvoionnaaooavluaoourlltou lai ouuiolookr Ingro aucioad o onloo a o

o ti
U00000

WUM0AVIOUVW4W3
PI4NAO 0 , .101191014 glo a Q-,0 "000000

acJa 0000
coon oa

moitY026'unr000muunu1,6moolociumaumT 000000

NIngrgg9irtrUiiAgggsggo0g"
aLdigoarrayo ,nqu000n110U0og0000 000000000
uomonauat oaoadouorloasooddElnorrdpoca 00

aoo 09
u.cril,iopt

l

larTounolano,a oogo o:
aaoce-c oo AggaaToggoil )ia000 oaouo

ounnma
unarauu
orrouuuan
9' 011[1(1011
pouumana
5 bcluuclo
uoubouffn0600000

-
5x)c)t yigA

111=

nl Jr DaiUt"N

0000 1.1
r4;111:1fl

0011
I1010

f1.1. fr)
o

:.515

0 0

DN,J1

Unuo
E

C

' L ,flfO

Ulf.11.1 1

0

4110

M)
" tSlul 01(100

UD
01 0

q,01]



This :5 du.::.k5., s's painting: 40.'8' 581 5/;

This 15 ck,uglas 5'5 painting: 6/72 + 22/72 28/72

MIEN

This is cathv's painting: 2/5 + 1/4 = 13/20

;,r4!.
',...7';'.'11114

-
.. .:,

iii

:;;:ve
wg,,:

IAML.,,X
AIAMO-+
AMME.;*
AMMa
ARSE.
MAWR.
AWIDEr,

:,

MMIAI
Amu.
ABMAM
HiltrEF'
'IMME'

MR
&h.
tit!

Eaao
a D

0
A.
A.

A
AM
EAM
AMM0
A000JonAM.
AMm0
AMM0
AM
AMR.
D.0.
M W.

13

TiT14

eW0AMOI.

,p

.

!:;!:!

... .. :

,1

p &MI':
.AMBIlla

WMPAMM.
WOJ,00M.

AW
00W..08A.
7iA.7WMP

ammo
BMW 0
01:1M@

Gla
a Kt@i1WM
MM0CW8

1170

1110:)MM

ilMa...01119E.
SMLeXAME".'
EKON
1MWMOMDMMOL
MWri.N.Cla-1!
0MAI.AMM(r,:
.M1.0:61Mff,".
WMMO
AMM5
0.W.A@ME
EM.!IMOU;:
MC,ASED.

CH.AMME,
Dirt
Sq.IMEZ4

AMM4

01.70.

2 Mffl
OW.
0RN

.A.17,
MME
KiRE.:.

6jCIT,

i OMR

CI

Six c+

:.

-I JUJU L
:IRO NAME
-1.2WBWMF

21.MTWUE
. 1.ff%,51mE
"...0PqrAffla
1MROOP1M
7WMEOOMF
lemrimr

2IMM ilMAff
AMMO 4Mligli7MP4MM
.7'MVIIi4MMIt
aWtAIN
2B4MliaWER
;JMIAL.,1AMW
!MIA ,AMIAD,
AMt9i.MMIt
AMMV:IC.rda

I. RID

00
.AWO

.JE1

This izjim'a painting. 28/128 + 21/138 49/138

4,,
riliti

0 I311:1 LI

otItm
I el II li

. _

I CI II I.I
iiiiiiti

101101"el II l ci
I, i: :1 CI

ii c, ci Ei
(iLluCi1ff

i
fe4

q,,

.,,i, l'
d t

4q4
D-',14'.','',

illg,I,M2
;$,-.1,4,

0: ti,li, A

C el: .

-(IIIIdtl

ft.Et ,,
t":4!

iTt )

:11P
: ::16

f t hfi ii

..1.,
i b 1 .,

,tidatidy
C1:111r,
il AO ri
oolwuTT

ll
LIRA
,',-.'',c],,,i,.fi'd',i','.,',

lli eT-- 'T'
zii,Li

I Tp.A

b ih. if
DI I

I 1

: ....c
,, :.,

LI flItl II

,,,.,,,,
I i) il CI
i....

,,,,,,,
n 6 ei
.616,,

ii

tILIIIIII
I 101e1
r ii ii o
bold

'6),a

LY,'s..,1:,,

t..X.INg,WN
...11
.4 .

,

,R .1

4,0,-,
-,mr,;:;:i

,r4'

:,.

pfl.b1
., ',.

ilex

kilt1. i

'. ,

i fi,I:

,,,f,,,g,,c

''''`I''1 1 an 1
vtl,

tqf
":'

vy 7,

..Li'l
, ,

01.1::

m.,,
11t DI:jl''

IC.

' .1'

01#7

' .If
' " :1

1
1

WO 1

;01
.',PA

19.P4
.:',x1

krv,
i',','-',1,t0

OiCITiti

Atu a

f' r,' ',..1

,-,L,-,',

.."
't, "

.

,,. , :
4

r.t, ° d
T:.tiki
cot 6

"Skywriting and Spider Web" is a library lesson that lets the student

write a "program" to move an airplane or a spider'around the screen. (See

Figure 1-1.) The airplane leaves a trail of smoke, and the spider leaves a

web, so that the student's program makes a pattern on the screen. The

simple programming language has three commands:
"f" to go forward (specify how many units)
"t" to turn (specify what fraction of a turn)
"r" to repeat the program

There is also an cption to turn the smoke or web off and on.

141
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Ilf 2,3t

Press f to go forward
t to turn
r to repeat the program

BACK start over, LAB choose again

Fig. I-1. Writing a program in the "Skywriting and Spider Web"

library. The airplane has been instructed to go 11 units

forward, then turn 2/3 of a full circle. The program is recorded

at the top of the screen as it is written. The key to the simple

programming language is shown at the bottom of the screen.

When the student has finished writing a program, he has the option of

giving the resulting picture a title and saving it in the library. The

following pages show some programs from the library. In each frame the

student's program appears at the top of the screen. At the bottom of the

screen is the student's name and the title he has chosen for the picture.

Each student has his own special space in the library to save a program.

He may replace his program with a new one whenever he chooses.

This lesson gives the student experience with a simple programming

language, with iteration, and with the idea of a correspondence between

symbols and pictures: In addition, it applies fractions to the "turn", a

fraction model very different from the common ones such as regions and

discrete sets. There is also a great wealth of geometric content that can

be pursued. For example, the spider's turns are spot rotations, while the

airplane's turns are arcs of circles. One interesting exercise is to

explore the difference this makes by running the same program with the

spider, then with the airplane. Another possibility is to explore various

"classes" of programs; e.g., programs of the form "n forward, 1/m turn,

repeat" always make a regular polygon with m sides of length n.
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The network characteristics of the PLATO computer system allow
students to communicate not only with the computer, but with each other.
This can have large educational payoffs. Students generate and share a
wide variety of approaches to what is traditionally very stereotyped
subject matter. The richness of the exchange is enhanced by the fact that
the sharing takes place not merely across students, but across classes,
schools, and even communities. Far from being a mere drillandpractice
robot, the computer can be a medium for social interaction, mathematical
discovery, and aesthetic expression.



Appendix II

Other Uses of the PLATO Fractions Materials

It is recommended that the PLATO fractions curriculum be used on a

daily basis as an integral part of the classroom mathematics program.
However, it is the case that the lessons have also been successfully used

separately as supplementary activities for students who do not have access
to PLATO regularly enough for it to be a major part of their mathematics

program. The game-type lessons are often used this way to provide
motivating practice with skills or exploratory experience with new

concepts. For example, in a local school that did not have PLATO

terminals, several classes arranged parent carpools to take the class to a

.PLATO classroom at the University of Illinois for an hour's PLATO work

twice each month. Such infrequent use of the PLATO curriculum would have

made it difficult to deliver an organized PLATO sequence that paralleled

classroom mathematics instruction. Instead, these students were assigned

games and other activities that related to present class activities, but

that were not necessarily related to previous PLATO work. Teachers,

students, and parents all felt that the time spent was rewarding and

educationally valuable.

In addition, these lessons have been included in a curriculum package

for adult students who need instruction in basic mathematics.2 Along with a

wide selection of other materials relevant to the needs of adult basic

I have an idea!
Let's all name our
answers the same way.

Good idea! Let's write
all our fractions
in simplest terms.

What's the simplest terms
6

name for f, Barry? 4 ok

And let's write
all our mixed numbers
with the biggest possible
whole number part.

Yes! Instead of

-2-, we'll write

What would you write

instead of 2T, Barry?

3i Right, Barry!

Let's call this way

qlj)

"standard form'.

203)

Write 1 in

standard form.

IIMM

I have an idea!
Let's all name our

17an'swers the same way.

Good idea! Let's write
all our fractions
in simplest terms.

What's the simplest terms
6

name for U, Barry? ok

And let's write
all our mixed numbers
with the biggest possible
whole number part.

Yes' Instead of

1T, we'll write 22

What would you write

Instead of 2y, Barry?

31- Right, Barry!

Let's call this way
'standard form'.

(t3)

Write 11
standard form,

Fig. II-1. Two screen displays from lesson "Simplifying Answers to

Addition Problems". The first display shows the lesson as it appears

for elementary school students. The second is the same display,

but with the more mature faces as used with older students.

2Siegel, M. A., et al. "PLATO Computer-based Education in Prisons",
American Journal of Correction, Vol 40, No 1, January-February 1978.



education students, these lessons are organized into topics that can be

assigned by the instructor. For these older students an alternate set of
characters was added to many of the lessons to make them more appropriate

for adult learners. (See fig. II-1.) This instructional package has found
enthusiastic acceptance among students in correctional institutions and

other facilities serving educationally disadvantaged adults.

4 0



Appendix III
Instructional Modules

The lessons within the fractions curriculum are organized into modules
for use with the management system in a classroom mathematics program. The
modules listed here are those that have been most often used over the past
years. Many other modules have been created to meet specific needs of
individual students or classes. The ones described here have been found
appropriate for most students.

Each module has a topic of major emphasis, but also includes lessons
which provide review of previous material, readiness for later material,
and general experience and enrichment. In addition to the lessons that are
shown on these module charts, the student receives review and general
experience material chosen by PLATO based on information the teacher has
supplied about the student's mathematical background. In each PLATO
session, the student may see several lessons -- some new and some continued
from previous sessions.
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MEANING OF FRACTIONS
a simplified flow chart

CUT AND PAINT
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MAKE-A- MONSTER
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FRACTIONS

LIGHTS
PAINT AND

COMPARE

PAINTINGS

LIBRARY

CHECKUP:

CUT AND PAINT

CHECKUP:

LIGHTS
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MIXED NUMBERS and FRACTIONS 1

a simplified flow chart

PIZZA: FRACTIONS
SKYWRITING

AND SPIDER WEB

PIZZA:

MIXED NUMBERS

INTRODUCTION

PIZZA :

CUTTER

STUCK

Y

TRY THESE:
FRACTIONS AND
MIXED NUMBERS

Y

TRY THESE:
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MIXED NUMBERS

PIZZA:
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FOR 3 KIDS

VOCABULARY:
WHOLE NUMBER

FRACTION

MIXED NUMBER

NUMBER

LINE

INTRODUCTION

SORT NUMBERS

BY FORM

MIXED

NUMBER

NOTATION

DARTS

CHECK -UP:

PIZZA
FRACTIONS

CHECK-UP:

MIXED NUMBERS

WITH PIZZA

CHECK UP :
EQUIVALENT

MIXED
NUMBERS

CHECK-UP:

NUMBER LINE-

DARTS
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BOXES:

EQUIVALENT

FRACTIONS

BOXES:

HOW MUCH

IS PAINTED ?

111-4

EQUIVALENT FRACTIONS

a simplified flow chart

I LIGHTS:
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ADD AND SUBTRACT MIXED NUMBERS WITH LIKE DENOMINATORS
a simplified flow chart

NEW

ANSWER

FOR MAT
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153



III-6

ADD AND SUBTRACT MIXED NUMBERS WITH UNLIKE DENOMINATORS
a simplified flow chart
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MULTIPLICATION OF MIXED NUMBERS

a simplified flow chart

INTRODUCTION TO
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MEANING OF DECIMAL FRACTIONS

a simplified flow chart
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FOR FRACTIONS

1
FRACTION NAMES

FOR DECIMAL NUMBERS,

OBSTACLE

COURSE

DECIMAL

TORPEDO

CHECKUP:

DECIMAL AND FRACTION
CONVERSIONS
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Appendix IV
Some Related Publications

Dugdale, S., and Kibbey, D., Supplementary Materials for the Fractions
Curriculum, CERL, September 1975.

Dugdale, S., and Kibbey, D., Programs from the Skywriting and Spider Web
Library: A Sample of Student Work, CERL, October, 1975.

Dugdale, S., and Kibbey, D., Elementary Mathematics with PLATO, CERL,
August 1976, second edition July 1977.

Davis, R., Dugdale, S., Kibbey, D., and Weaver, C., "Representing Knowledge
About Mathematic° for Computer-Aided Teaching: Part II -- The
Diversity of Roles that a Computer Can Play in Assisting Learning," in
Machine Representations of Knowledge (eds. E. W. Elcock and D.
Michie). Dordrecht: D. Reidel Publishing Company, 1977.

Dugdale, S., and Vogel, P., "PLATO Instruction for the Hearing Impaired,"
Proceedings of the Second International Learning Technology Congress
and Exposition of the Society for Applied Learning Technology,
Orlando, Florida, February, 1978.

Dugdale, S., and Vogel, P., "Computer-based Instruction for Hearing
Impaired Children in the Classroom", American Annals of the Deaf,
October, 1978, pp. 730-743.

Dugdale, S., "Using the Computer to Foster Creative Interaction Among
Students", Proceedings of the Association for Educational Data Systems
Seventeenth Annual Convention, Detroit, Michigan, May, 1979. Also

published as CERL Report E-9, Computer-based Education Research
Laboratory, University of Illinois, Urbana.
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Appendix V
Index of Lesson Descriptions

Addition by Using an Easier Problem: Part 1, J4
Addition by Using an Easier Problem: Part 2, J5
Addition by Using an Easier Problem: Part 3, J6
Addition by Using an Easier Problem: Part 3 Practice, J7
Addition by Using an Easier Problem: Part 4, J8
Addition by Using an Easier Problem: Part 4 Practice, J9
Addition by Using an Easier Problem. Review, J10
Addition and Subtraction Drill, 112
Addition and Subtraction Drill, J11
Addition and Subtraction of Mixed Numbers with Like Denominators, 14
Addition and Subtraction Practice with Equivalence Sets, L4
Addition and Subtraction Practice with Simplifying and Borrowing, 19
Addition Practice, Simplifying Answers, 17
Addition with Equivalence Sets, L3
Boxes: Equivalent Fractions, E3
Boxes: Equivalent Fractions Practice, E4
Boxes: How Much is Painted?, K3
Boxes: Name Equivalcut. Fractions
Checkups (Meaning of Fractions), A9
Checkups (Mixed Numbers and Fractions Greater than 1), B11
Checkups (Equivalent Fractions with a Model), E7
Checkups (Equivalent Fractions without a Model), G6
Checkups (Addition and Subtraction with like Denominators), 113
Checkup: Addition and Subtraction with Unlike Denominators, L7
Checkup: Darts, C9
Checkup: Decimal and Fraction Conversions, P7
Checkup: Decimal Darts, 07
Checkup: Inequalities, M5
Checkup: Multiplication of Mixed Numbers, N8

Checkup: Paint Addition, K10
Checkup: Simplest Terms, F5
Cut and Paint, A3
Darts, C5
Decimal Darts, Part 1, 03
Decimal Darts, Part 2, 04
Decimal Names for Fractions, P3
Decimal Pinball, P6
Decimal Torpedo, 05
Equivalent Fractions Generalized, E6
Equivalent Experience, F4
Fractions Basketball, Ill
Fractions Basketball, K9
Fractions Names for Decimal Numbers, P4
Fraction Notation, A4
High Wire, K7
Inequalities with Like Denominators, M3 .

Inequalities with Unlike Denominators, M4
Introduction to Multiplication of Mixed Numbers, N1
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Lights, A7
Lights: Equivalent Fractions, H3
Make-a-Monster, A8
Make-a-Monster with Equivalent Frations, H6
Make-a-Monster with One Cup, H7
Mixed Number Multiplication Practice, N7
Mixed Number Notation, C4
Multiplication of Fractions, N5
Multiplication Practice with Pictures for Help, N4
New Answer Format, 13
Number Line Introduction, C3
Obstacle Course, 06
Paint Addition: PLAT. Faints, K4
Paint Addition: You mint, K5
Paint Addition: Your Choice, K6
Paint and Compare, A5
Paintings Library, A6
Pick a Tub, C6
Pizza: Common Denominator, H5
Pizza: Cutter Stick, H4
Pizza: Fractions, B3
Pizza: Mixed Numbers Introduction, B4
Simplest Terms, F3
Simplifying Answers to Addition Problems, 15
Skywriting and Spider Web, B10
Sort Equivalent Fractions, G3
sort Equivalent Mixed Numbers, G4
Sort Equivalent Problems, J3
So :t Numbers by Form, B6
Sort Number Names with Decimals, P5
Splash!, C7
Standard Form Practice, 16
Strategies for Listing Equivalence Sets, L5
Strategies for Multiplying Mixed Numbers, N6
Subtraction with Borrowing, 18
Target Practice, HO
Target Practice, K8
Torpedo, C8
Try These: Equivalent Fractions, G5
Try These: Equivalent Mixed Numbers, B7
Try These: Fractions and Mixed Numbers, B8
Vocabulary: Whole Number, Fraction, Mixed Number, B5
Units, B9


